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INTENDED USE OF PUBUCATION 

- " The material published here is for the use of industrial arts teachers and shouldybe^art of 
their ongoing classes. Much of the matenal fits naturally into a Power Tachnolo©^/cl^; however,? 
wkh a little work it can be incorporated into other areas of industrial arts instruction. 



XWs publication is a^ part of a larger publication that encompasses all subject are^' ih 
education. It is intended to be used in the upper graces and is to emphasiie*the imijortance of 
conserving energy for pur society. All 'students must ^l^e made aware of its importance and the- 
industrial art|,^acher can play a major role in this effort- ' ' ^ ' - 

Consider the information provided here as suggested material for buildlng a program for the 
conservation of energy. Try to make usa^f the suggested projects as they appaatj and build on these 
ideas, as students gain knowledge o f energy , 
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INDUSTRIAL ARTS D^I PENNSYLVANIA 



Description 



Industrial arts has educational value for all pupils in the dementary arid secondary school, providing 
experiences _ that are progressively intensive in accordance with pupil maturity; The industrial arts 
program is a saquencevof exploratory, experiences to. assist in the del^flopmeht .of insights into 
tecdmolQgyj^ and the attainment of occupational literacyv lndustrial arts provides vocational 
orientation, experiences through its laboratory skills and also has the unique ability to acquaint 
students.Avith a variety of career options Md possibilitie^^^ - ^ 

In . Pennsylvania the industrial arts program is a broad based area of study in industry and 
technology; i i ^ / r - - . ■ A * 



^As an integral part of the total educational programv industrial arts will aid students in acquiring a 
comprehension of industriah technology, career potential and proper use- of materigj^^rbugh- 
,mahipulative actions 'and research experiences with a variety of toolSj m'aterials, prooeSes and 
products of industry J students have the opportunity to .develop a self-^oncept in relaSort^ to tne 
changing requirements for participation in an industrial and techndlo^cal culture^. ' ^ ' 



Industrial arts has a speciarcontribution to make to the total educational program, WhUe industrial 
arts utUizesr and contributes to the goals of education in preparation for life, its interrelationships 
:With other: disciplines provides suBstahce tor vocational education as^ well a^ career education 
concepts. Furthermore^ industrial arts provides unique^-opportunitiei fpn,students to participata in. 
realistic experiences in the production of goods, or the rending pf services, through the effective 
*use of people, methods, machines, money, management; and marketing. Students study the effects 
of industrial technblogy' upon all elements of society. Industrial arts must stand upon the 
demonstrated values for which ff is especiaily adapted, ahd should be Integrated ^yith the other 
suyect^reas in the dfevelopment o rt he total educations^ 

^ .... - . ^ ..^-u-.: - ■ ■ : ■ ^ . 

Purposes * ♦ 

The purposes of industrial arts in Pennsylvania a^consistent with the goals of quality education in 
the Commonwealth of PennsyJvania, ^ 

To provide a sound program, of industrial arts, clear and realistic objectives are essentiaL The 
following statements of purpbse are unique ib industrial arti prpgramsln Pennsylvania. A properly 
planned and coordinated Industrial Arts Program shouW • \ - 

, : 1. - Devei^p technological literacy - in a technological society one must be able to com- 
municate in the language of industry, technology and science, 

^ 2. Develop an understanding of the place of industry in our society - Industry is. a con- 
structive, dyhamic force in the world today ^ If is theM^esponsibility of the school to 
provide opportunities for each student to understand this force. Industrial arts provides, 
learning activities by which jtudehts acquire knowledge and performance skills. ■ 



3.. DiscaPer and develop student talents related to technologies - the industrial arts pro- 



grani should assist sfudentSjjh discovering 

helps students identify special abilities through manipulative ot^ 

:4. . :Develop problem sohirig abilities related to the use of tools, materials, processes Mnd 
- products ' the problim solving approach in industrial arts involves creative thinking and = 
gives /students . oppOFtunitie| to apply principles of planning mnd design* Constnictiva 
^ < techniques, industrial processes; scientific principles and mathemadSal cpmputatiohs 
' * are appUed to achieve solutions to problems: ' / . ^s^^^. = \ 

5.- * pevelop skill in the safe use of hand and power tools -Industrial arts provides planning, 
^ construction and production activities which enable students to acquye industrial and, 
..technical skills. These activities offer opportunities to^develop harfd and power tool 
- sldlls commensuratl with the mental and physicaLm . , 




Content : : r';./ ^ - " ^ ' ^ " "v . . ^^^^'^ ^''^ r \^ ^ 

Indtistrial arta is a multi-disciplinary presentation of knowledge^ skills^;and attitudes acguifed by " 
students. Three common areas required for aim mirtial;:program w6^^ as industrial 

-materials, power technology , €nd visual communications>^^ft^^::s-:-----" .^^^^r- %^7^: - — ■-- - ~ 

Industrial Materials - is a study of physical ^^at€^iali^as:-tnf^^^^^ environment 

. and Ilo^^r these materials are transfbnned throuij^^^^^ and 

construction^into consumable products* Activitier^T^is.grbup p 

. mental to proper conservation/ experimentation /"festihgr ii^^Xf^^^ analysis of ^rriatferials. 

Power Technology - is the study of energy and its appirdation to sujch fields as communi- 
cations, transportation and manufacturing. V ^^^^ 



Visual Gommunications *' is the process of communicating through sight. Visual communi-^^ 
cations Includes studiesjn graphic arts, photography an ^ 

These areas are to be taught as general laboratory experiences with multiple teaching methods being 
used in an effort to individu^Uze Uistmction. Wide use of instructional media and methods, 
apprbprfate in laboratory experiences, are encouraged. Students should be taught in small groups or 

: as indiyidu^s; therefore taaehing rnaterials must be developed md available to students according to 
need. A pei^onnel/management system should be used in all laboratories for the develQpment of the 
human relation^ aspects , of the program. Mini-courses should be available for stjidents who desire 
specific experiences, a^^ schedulmg should be flexible enough to permit courses of varying 

^4j4ration, , . ' \ / 



Industrial vArts Eaucation is 'a phas© of Question that the umque ^spbnsibilit5^^^^t^ 
, r students *with^^t undfirstand and Manipulate modem day indWrial technolog^^ 

/ " the subject area in the; school that daals with the- industrial technological society and the problerrii 
; V ' and bepefita of thes of industriri artr is to prpVide each 

;V individual; with th^ capability to make ; relevant jud^erits, tb(;think effectively toCmake value" 
;^ : choiqg^^^gp^ and toM>^ able to efficiently use technology for the indlylduars 

;y . ■benefit^j^lfei^?^ variety of Jife Aroles (family^ occupational^ recreational, etc.) and ib use these 
Jkno^ledigs^ ' : \ j-'-'^\y--hi 



it\-'M' --v'/-^^ 



This papgr. Ms the Industrial Arts Assotiat^fl of Pennsylya|im a|id 

tHrPSnnsylvania tftp^ : 3 :7"^^7vr~r:^:~ 



John T. : Feckk, President s Industrial Arts Associatipn of Pennsylvania 

Earl R, Zinmermanj Senior Progranp Adviser for Industrial Arts - Pennsylvania 
Department of Education ; , 
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POWER TECHNOLOGY 



The Tollqyi/ing artieli is axcerptedhfroni ah unpublished master's titley iidna- at 

i JfCent. State Junf , : 1967/ jQriginal^^ S^ are hereby gratefull>^r acknowledg 

"/Kaaders desiring further infonnationf^may contact the. KSU or the author. Portions.of this 

work previously appear in the NEGEP JOURNAL, Qcto^^ 1976Viand the con^^^^ is . 

^Mfirctrd:iH^^^ 

vSeriri^) prentice^^^^^^ ;^ ' : ' : y ^ ' y:-:. ''^ T \:[y .1^ ■ ■ 

: Dwindling resources -arid a rte\y role for industrial a^ need ^foricomj^rehensive 

courses dealing with. energy and-power:,WhU^ the cbnve^ion q^^ quanHties of enefgy into usable ; 
"forms-of power constitutes a:branc^ 

/ohlyT\a smairpercentage of students enroUed Jji industriararts couraes have ppportunities to. study v 
cpmplfex energy /^bwer .relationships. M in reality only 

^ autdmotives of small engines- cpures, but AmericanVyouth Vneeds prQgrami dealing with the entj^e 
/enerfey-povver picture. ReseaTch to identify a comprehensive body of subject matter^ for ^use in the 
^stiidy of power is. long overdue., Comprehensive couiies must be concerned with tracing the sources 
of energy and with the role of prime mbVers which transform ehirgy into useful powerr " 

Thi^study from which this jrtlcle wss takep was a Broad inquiry to detemiine past, current^ ^ 
and^future sources of energSfan^ To tTac^T.t 

beirig only theoretical-scierittfic in nature^^^ techijical-culturpit No attempt was rriade to 

assign energy and power subject matter to school grade level. The study was a starting point-a big , 
pichire upon which to build comprehensive programs^ . . ^' j 

Energy spurces^d prime mov^ are fundmiental bases for construction^ipower technology 
courses; In additfdri to teaching the technology of power, there are possibilities for learning 
expertences in the history of technology,, the conptpt. of tecHhological flow, in the events pj 
humankind, the mafiifesfatlonf 6f humariiereative spirit "rising to the conviction that there must be a. 
better vva>^, and the impact of mai^^pOTonalities rarely found iri our school history books,. 



. INTRODUCTION ^ - ; ; 

The story of energy and power is the story of the industrial might of America. A hundred 
years ago, only 5 percent of the total power being consumed was produced by mechanical m^eans; 
§5 percent was supph'ed by Human and animal power. Today, approximately 98 percent of our 
power comes /from mechanical sources. If industrial arts education is to reflect technol6gy and 
industry, thj;i studies of power 'generation and ^utilizatiprW^ must be indluded ii%? the curriculum. 



~" ~ *:The'use of vast qu^tities of energy is basic to the functioning of the American^^onojrfy'.'- § 
The United States has six percent of the world's populati^ov but consumes 35 percent of the global 
production of energy a^nd Jrtiaterials. The per capita ^consumption of energy was about six times 
the world average. - - , - ^ - 

' V . ' ^ " * ' = -1 ^ - . 

. i , The use of energy is characteristic of any highly industrialized nation: Industry in the'UnitedY, , 

• States account ^orgy'consumption:. In 1975 automobiles, trucks, bu^^ 

and^other_ automotive transport consumed about one-fiFth 6/ the total energy; oi about_oqe-half of " ■ 
-that cpnsmned m indusfry. Modern^ h 

' for .oparatiht appliances. Industry, transportation, 'and'^ households, together'v consume'^ abouf 
"four-fifths of all inergy used/ with the remaining ' fifth used by commercial concerns, tfie 

■ gpvenin^nt- mnd apn^ Converting.these vast quantities. of energy to usable forms of power ■ 

■ -constitutes a branch of technology that is f^^ , • - 



But-while power and energy are basic .td.the American economf and tHe^Ai^rican way qf ; 

^ Ufe; the industrial arts profession has hot responded: adequately tto>tjie-need:;^^^ comprehensive V 
power iechnofogy programs^The USOi Sphm'itt/P^^ study of the" mid'Sixtifes revealed that only 
2.7 percent pf the . students enroUed^in industrial arts programs receivi|d instructiofiMn- power 
mechanics. The tru& picture of .power technology instruction was probably even more bleak since - 

._I_ni§ny_(if.not jnpll) j?jQgrams automotives^cburses* 

Prim^Mov^^ ^ - \. '. . ■ . ^ ^ I ■ . ^ ' ' ' ^ - 

^ Joseph W, Duffey in Power: Prirne Mover of Technology defined pmme movers M^'v . devices 
that convert the power of human and animal muscle, running water, wind, heat, or eiectrictty into a 
rfiori^ usable form ofy energy. By subscribing to a definilion such as thisvit immediately becomes 
^ app'arent that courses with, limited scope such a^smail gasoline engines will fall short pMhfe mark' in 
' providing the education and experiences needed by today's youth. It is ^also , apparent that basic 
- thermodynamics must-be-a part=^fHthi prog 
prime movers will aid in seeing wliere We are and where we mii^t be going. ^ 

The complete study from which tlfe material was taken is summarized in the accomRanying 
r^hart, Figure 1 . It included external cC)mbustion enpnes, kiriet|c energy prime niovars, direct energy ^ 
conversion, flrctrictty, and the so-called^1^ofic* sources. The follow^ excerpt deals brily witlr 
internaj combustion devices and isl of necessi^^^^ ' = , ' 



. lOTERNAL COMB^^ 

Int-eRaai^onljbustion en^nes form-in terms of quantity at least, the backbone of our power 
needs. Steam power is used to generate the tremendous: quantities oT electricity we need, but the 
intemki combustion engine is the basic source of power for neariy all our transportatlpn anfl tJther 
requirements. c . , - . , 'O r-T- 

'Internal combustion enpnes are not efficient. They are generaHy iToisy and plagued with. y 
jvib ration. .Jhey..f^ 

adaptabihty of^fese engines, especially in the reciprocatiag form, has literally transformed our 
way of life. So common is the "gas^' engine that we take it very much for granted until, for some 
reason, it fails to perform its job, ' , ^ 



Internal conibustiQ4l engines are now made in many forms' reciprocating, rotaty, turbine, 
reaction, and rdcket. They may be very small or very large, with vaHous methods of accomplishing 
ignition, cooling, and lubrication. But they"are all iieat engines characterized by the fuel being 
burned rapidly inside the engine. ' ^ ^ / 

^ : y ' y • ^ ^ ^ ^ - 

Reciprocating Engines - ^ ^ 

The reciprocating internal combustion engine is perhaps the most famiharTorm of power. 
Throughout t^e world, automobiles, trucks and Qther engine-driven conveyances transport people 
and goods-, perform as pegulatory and emergency vehicles and provide a freedom of movement 
undreamed of a century ago. The^lu industry isone uf the largest employers in the United Stalesi 
Almost every family has a car^ and the trend is ,to two or even three Even with the increasing 
complexity of automobiles, the aveiage Anierii.aji fceb he something uf an cxpcit on c^rs. The 
popular "scieniitlc" literatuie abuunds with artit;Ie& ua liie subjecl High ach.oulcib by the ihuu^aijds 
repair, rebuild, and luudify ev^iiythuig liuiu jalupie^ to lacing cais 

^ the ai£i^J!luLlie is liidtititi ung ul the mvisl icnitiikaLile dyv^Ju^iutii I3 kA all limt., Im.I U also 

UHw ut the rno^t wabteliil aiiJ has Uceii called ' a supcilalivc cMainple of ^Juu^hfe mid i,jw et^ 
tlcft^igy iJi US&i'^' Majiy iiialiiLaiii lliaL uvci p^iv^^i^d aa tuinu L*ilcs s^ill du iiiuJ*; tu lia^lc.i Ih^ ^liil \)i 
the tO^lt'fuel citi than any ^ntici ta^Aui 

i >v \ ^ lu |> 1 1 I • i 

I h^. I li.. I . 4 .1 . J . .1 ■ ' * 

using h tu 4i tiw itau^vi bln.lhik iij i bo.i t h\A Lh ii jl CMiJiut^^;* bliiin oul ml 1 ill* icjupoi a tiireb 

becausi theie was no priiteciion agaiAst owrhejted metal surr^ces. ri,mQ. sjgseijted that this 



V of tia.ib 



dlttli^uily v.ijUlil l;^ ,jv(..waj^ic by h^ atin^ ilm by uOiill>u^tKMi vvlihin ihc cii ^luc thu^ i^ilniliiaUitg 



tile nc^c&i^lly of ti a. ibfer ring h,^al ihu/Ugh aii . A^.Lan^ci ^vall 

11.^ lil t . .4,1 J , , I .li . t . , i . t^ki.^i .1 i . . i I .-ii. • ^ ' * i .( > > 

i . U e /^liu pU-aa .*; li.*in llu h.ui Uig lUv^l . Jujigi. U , j \AiAi /. 1 > .u.^. . , » Al 

fu -C. I'i\e ye^fS later, s^illia. 1 ti.niett wciKcl out a d < i u npi;;,»3i^^ hh tiL t.aA iwUua. 

t>^.iv/ic » wiubUAl li 3U iJiul th\. a\ibsei|ucn t c^jiaiiaiOi! wuuld i^li;u;-ii jiiui^ ti 4. a jlijtli. i 11^1^3/ 

anothti idea that had Been .ai^vsted by ramot Wright & and hamett'b macKindS ^ere not practical 

cngnies tMti V ilulc c>x I'wUiHCi 1 ial iiiudcl^ 

i 1 1 i t . . 1 , , 1 

4. . llh .n^i {kiii iw. ,:i u « |M ,..1 i .1 lliu; . i 1 1 si. | . i. . . . 1 * 

.4 aUokt. . i ..le Ahiiw ^h 1 . k>.d i * ^ ..1 li .i .1.1 . l.uahu,.! ..f . I, n t i .i, . 1 . jm . 

J III ..t^Viitll liUridi 4 jiA_ I 

I I. I ... 1 1 ,1 . . . 

I . ' , » 4 ti 1. 1 lu^ ^ .d 1 ; . . » ' I ,,11, i I 1 . li . . ) . . \ . , . < .1 . i 1 ^ i . 

, ' 1 . I V d 1 , ' , >i i idi I . ii, ,1, ,1 . J ! I - , i . I \. Itn i ' - 5' hi . , td* I I lU. . 1 I 
id^ a^ 1.1 to r i ji { J 

, , . U.U i, dl .1. I il. i , . . 1 i 1, ! 1 » I J ; ^ Ui.. I . .11 

Ul. .ibU li? c ■ii4.il. U h ' . .1 * 4 1 .1 - hill h ' n .1 i . ■ < ■ [ i .. i^i I., ii ,d 
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with Eugene Langer> to produce a successful two<ycle engine. This engine*operated on atmospheric 
pressure and was similar in operation to N^wcomen's original steam engine. While the engine was 
heavy and noisy, its efficiency ^as twice that of the Lenoir engine. Approximately 5,000 units 
were produced starting in 1872, 

Otto was not satisfied, however, and rri'tumed to the pursuit of the four-cycle idea. His efforts = 
this, time, due to his experience in ihe fields wer^ successful, ^d in 1876 he marketed an engine 
producing three horsepower which ran at 180 revolutions per niinute. It was so quiet in contrast 
to. the earlier engines that it became known the "Oltu Silcni 

Otto's new engine wa^.su supciiur lu ail utliui exi&iiii^ liUM^cU Uiai ll qu^Lkl) doiiiiiiai^U ilic 
industry. By the time he died^ over 30,00u engin"e^ bearing hi^ naUR were ui uperdlion some bwing 
of nuihicylindcr design and capable ut piudui^mg 100 huibc^iuw^r Hiy babU ^i^sigMa still picJuniinate 
althuugh many unpruVenicMU fiavc ut ^;oui^ l>ccii luavlt: in i^iiUluii valvij Uc^i^n iui)iK:dtli>n 
indlallUi^y , dud fortli. 

snnicieiit tenipeialufc tu t.aujC va|>utUaiiuu and i^intU^n wh ii lliu >l\ w .3 hiti^Mluv.uu bc^^an^c 
i^onip I c^^Kv n iallu. Lite engliiw^ pfv^v^ii .nui^ i^tti>^l«^nl tiiui! tu^ls^^vl !iu.i>K;l^ cv^n 
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1. the mechanical system; to capture the energy of the burning fuel and transtbrm it first 
'to reciprocating motion and finally to rotary action. 

'2, the fuel system; to supply and vaporize or atomize fuel at the correct point, mixed 
' with the proper quantity of air for most efficient combustion. 

3. the combustion system; to cause burning of the tuel at the proper point in the cyol^. 

Vi 4 I he liibilLallun syslgm , lu ^uiUiui lilclluii auJ ^cal aiiU i^Luu iht; cn^in^^. pails 

111. . I i.,l . . , . » t ^ * . . , ■ w . . i. 
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Thermodynamically , rotary engines are similar to other internal combustion engines--the 
differetices lie in the ways of achieving eripne action/ In the Wankel engine, three; chambers are 
forraed by the sfdes of the rotor and the wall of the housing. The usual four^stroke cycle occurs 
with the simplicity and power stroke rrequency of the two-stroke cycle. 

-I 

In any one chamber, the cycle be|ins as an intake port is urtcovered and fuel and air is drawn 
in by the action of^the rotor in its housmg. As the rotor continues, the intake port is cuven^d and 
Luinprcssiun begins, fuUuwed by ignitiuii cuintJusUOn and dxpdniiuu ioi tlic p^mcr ^tiuke 
Cuntinued iiioliuii ul the rulai unwuvcib Uie cxhdiisL pori diid ihc lutui iii pv/altiun tu iwpcal the 
icqUfence The lhiE.'c chanibcis cxpciicncc in k)idcf tlie saiae series ut wvcntb l\\us thcic ai.c tliKc 
puvyci pulscs tui cat^h icvuiutiuu ut I lie lulwi 
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The closed-cycle turbme ir the other major type^^ir does not coma into contact ^ith the' 
burT^ng fuel but is heated/ in a heat exchanger,' pass%d through the turbine, cooled, and then 
recompressed^and reheated/in a closed system. Almost any type of fuel can be used, including the 
heat^generated by nuclea/ reactors. Sometimes, both open= and closed-cycle principles are used. 

1 

Aircraft jet engine^ and turbo-propfSngtnes are forms of gas turbines, but due to their highly 
, ipeQialized nature, they/are usually considered ^eparate^ from general t^pes fur sLaLiuii^&y.iiiarine 
be vehicluar use 

Systems 

tiiw . .HiibUStioii uiLanibcr, and the puwgi lurbiue whluL v.^nvcui iliK^ idlcul cii^i^y sit ihi: c^hjust 
gasv. 5 intu mechaiii^dl energy 
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luriicU diicwily Ipy the pOvver turbLnc In thfe unl 
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die indJe to c^^aud against uladcs in a uidnnci vwi^^ ^Uiiila. lu that in a slcuni linbino ujui iicat 
ciitigy U trajiS(funn<. J UUu »nechanic*ij ^uetgy output it ind> l,c LuUjilcd »Jiit aly tu ^ 



tt ^hniquea wlUi sp.;t.ial atlentiui. given to the j>iubl^ii»a oi Sift ^ J ^,i\d u;jn, ^/jhnc • n, OUnt .levl The 
-ulin^ syifeui ipoidlc^ on .j piinclpl ^.I ^^.tt^^ uii ;5Ji.Cl Ui* ni^^i^jl auifa^^.j ilhin llie Uuniui; 
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d'//i^ff J wji/ri excess ail froni ^h coiTipreLSor ! 



ENERGY ALTERNATIVES AND 
THE ROLE OF INDUSTRIAL ARTS 

by ■ ■ ■ 

. I #Frank C. Owens & Thomas 1:^ Hinelli 

The Arab ^il embargo and the hardship and suffering experienced during the wake of the 
^ wuuniry's colde*st winter of the Iwcntietti »jentur> piuvidc adUilunal uvidencc and ^.icdibilily lu ihe 
beHef^hat this nation's traditional sources of energy will one day pmve inadequate tur meeting U S 
energy need^. These recent cxperienccb^ whieti are syniptoniatie ut Aincrica'i steadily dctci ik)rat^ng 
energy situation, necessitate the development of an artiriiialivL pliin ot action against conditions 
which llifealcii natiuiial bct.ui ity , ^,unt^lUed IJ S CiA)noinK giuwlli and dcvek)pin'^:nt , and the active 
parttcipatujy lule oi tng IJ S in wuild affaH/ Sulving Ann;n> .I'h piv;blt.nis i.iC5t;nl^ ail 

q^H^ninuUb Chailcii^t: vvlrit.!i iCtiiiliva the JUliil ctiOlts ot ^\ i m a^iiii bubl.tc^:? aiid li.duslly ilii^; 

acadenxic tOnimiinity, and mQst inipwrtaiitly the American pcu[>k working together iv. heh) dev. lup 
' a dlveihlftcd eiwiiunnicnially at-v.^tUat^lw cncigy u^ un^niy bkJ thLil lulUiw cnwig> icquUwnitiiiU ^,an l^c 
; iiicl 1 he altv>inativw I5 conofnit. stagnailuu nn^iiiplu) ns^iii uii.l ..uiUidwiublc ..hau^i: in AiiK^ihun 
\ ilte ^>lc 

ill « .; njquh'E; J lO le; v^iU . i p,,Opl '^1 Li < .1 ^3 ,> ^ > 4 i r i 1 1 » ) iuil ^ . ■ »m alu mi 1 iU, uiid 

iiK..A itiU. inl'Oin! .itiun will L. : nwt;d..U i^t iLiJi^ pw sjnua an. ,il*nudcs lin.I I,, la, ilu; .i. :!^^) 
Lull Uli !tji!3 and cn vU .;iinu ,i I .& ihwy ^^U» t.Ai^t ItJni^jiis a V, h>il lu dk.\i h .n cn^i^i^ lll«„ialS 
^t/clcly With UiC CstablUhii. Ml Of ,.i^ty, 4.dii.,ilhMi 1 u ^ »^ . .in dn fc^.^.d ^ m l-^ui-nu a n.alily 
lilvlu.3li i,.l aliji i4:s dial liUil Inw t.iiind iiiil. ulnni li i li y\>iii^ it i.nil liin.s .i) lUUl 

fech^oIog>^ cjsi i lake a niajo, ^Oiitribuli^^n Luvvaid the CK-'aiL^n oi an 1 1;^ ,/Nitwraii suci^ty 

Ottcilng iii-jl I in, I n ni In a ImuihI laiiyv *>t gn>i^> L * j n ... lii^hnlliif ^- 1 b ; * On^fev. l \ ,i U*fn and tin. 

develophiiJlil ut' alu.naiiN ^i^^ii :.uui ..a nnlnat,,.d ilj ,5 A^^dl inth^i I .K^Uu 1^ ,ni yt en. rgy 
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Changing values and r^shiiplng attitudes toward energy will require timely a.uJ a^^^urai 
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which is less than 100 percent,^\f secret, then, is to obtain from each energy system the highest 
rate ofefnciency which is possible for that system. According to Ross and Williams, .ve^rf;;/t/'/c/vr 
efficiency is. critical and imperative to any projections for energy conservation. In other words, 
potential energy^ conservation should bre based upon the performance of a system relative to that 
which is possible for a given task. , 

Any di^cussiun of eiieigy use and cunservaliuu would huvt- u> iii*..lude iIil ^ ouriuuipiiwii ul 
energy fur electrical generation, 4 fundi un which cutb ^eross the thrwc end u^c j>}i;vkui:jly 
jnentioned Because of the peaks and valleys caused by daiTv diid ^eusonal dcindnd ihw uuUiNUy 
use^ Ail aveidge ut 5 1 pcrt;ciit ut lib g^Utiatlug ^.dpacity^ Lusscs iii IIil gcnciaUuu and liuiioniUhUHi ul 
elccliicity die ^uch that only JU percent uf the eucigy •.unauuied ihc utilil> lu.u h.h ilu: .:j»,l 
) he wonsci vatiuu oppOi t unities in the uLlllllcs scctoi in^ ludi; 
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-^uliecting temperature and Btmoiph^ric data On two different eoltectpf panel designs (Igfl 
»s ^ serpefilHits laytjut My fit i/ei t. ifLiildi palt^fn) lanK uafjatJUea ^Ijh dppi uAhTtatfely fuur 
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tftts iiite. iii£il!^ MPi^.ifiteJ lam, a I yl^e h,jf J.il^^ i ullEJt^lcU sA-ard Inlllai iVdCfci lernpeiatufe li. ltu3 
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The Occup^t^pifl Aspect " - - 

'Industrial arts as defined^i Public Law 94482 has the respionsihilyv of assisting individuals 
in making intunnud umi lucdipng^nl uccupalional cliuiccs. Occupulionh in entri^, pyrtiuularly^ in the 
electric power industry, are cxpi^ctud t6 increase about as fast as the u^eragc^ for all ijidgstries- 
through the mid 1980's However, many new occupations and openings in the field of energy are 
expected to occur willi tlie expanslun and dev elopinw n I .d allgiiKilc suui.e.:^ wiiejg) Students 
n«ed occupational infQrmath,ni and uiicntation to the broad. bpectrum gf u^^ upaliunji wh-uh exi^i in 
this nu>st nup^Htant aspect iA >uuety 



i J ' \ ... I I ..1 ^ . , , . . ^ _ 1 , , , . 1, !. , I 1 . I. I. , . . . , ( . . 

I ..Ilk cc , sf un}^ Uh ill! Ciuiild: . K itii ... waU.^s .iiid aUil d^ , e/ d.i^^t A :..Uiat\ 

iiiilu^lijul art;? K.All phi) .J I lOlc .ill*! iis.iuni^. .1 p*JMUltni ol letid^i .JUp i.i ^.Nil.^^ .du, .Ul^.i H ill 



I'u (J Ih.ii 11 , V i 1 1 1. ' ' 

* ... ,1 i . , \ ... ii . . , . ^ . , i ,1. 

i .tli.,.. iii.k V ..,ui til . . 1. , , t . ,11'../. I ' . 

.1. .. I r S 

I 

II 1 . 1 ■ 1 i [' i\> I , ! , 

1 f. . ^ 



I 41 



Greater Los Angeles Arua Energy Symposium. Our National Eneigy ,ProbIei;is=Greatmg Energy 
Choices for the Future, May 19, 1976, Vol. li North HolJyWooJ, ^ilifomia; Western Periodicals 
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iA^CURRICULUM GUIDELINE ' • 




^yiihah V; Basmajian 




r.»£,= ir3...H-ii.i.V-'- 



.._ ..... ..... . -■ - , ;-' ' 

^ ^The aUthor of the Natiofial Educational Council on 

> *''Enargy and Power ^'{NECEP whqse niembers .are engaged in the developrnent of a national • ^ 
curriculum modeL ^r. ■ Basmajian^n^ been" conducting similar activities with ^Virginia Poly technic ffVl 



Siv^ ^- >i> 5 has begft^iiting^a'Cpu program on^Energy and Ebwq^' 

^^<^vH?i o^^^" This rirHcjfeirepresents a course outline derived fVom'the' flow charts, as published: April, 
\ i> ''l 976 issue-^of^Enetg^t '^^ Power Journal, Page 25. It is hoped that this article will give further details 
: V V tVt' gtiidelirfes tdf'Sdfto^l administrators and educators as to the scope and magnitude ofan Eneriy 



THe fe'ner^' relatediisocial^cdnomic^^^^ in^the U. S, and world wide have - 



^yded/a_rjpw diniension andCTnTuTyrespp^feflffl^s^ the most' inipoVtant 

concferk is; prepajififHrtie stud^ of today the energy dondi^ons that will exists. tornomw'.^>, 

' ' ''.-J 'I' ^-y^'^: '] - , ^: - \r ^ ' . V ^" / 

. The Nations ene>^:^rnahd fo^^ ^ 
clearly a .need^for a ne^ erhphasis oh alternate energy systems. Federal, Industrial or Research , - 
Agencies conducting an^energy analysis alf agree onT^ne. matter the ultiiriate solutibn.of U.S. ' 
^ " energy shortages : deperids: on the ^ develdpnienf of ^ Wterha sourcesJ^^ or -this^^e^^ 

: _ education, has to play a^^ im;p6to from traditional poWe>^fec^TO%^ 

.r'^y^ ;pmgmms jh^ are esientialfy Bmdll mgm^ energy sources, ^ . 2 

. V ^ The student needs to be able td relate new energy so prges to. deviceMha 

Additionallyv tte^muit dev^^^^ of the emerging occupations jh' thi^^field^ Ar.well 

' planned curriciilem with the proper hardward ai^i software will be tfie? beginning of a transitiotfal 
period of growth asijtjhe student develops^^new career awareness. It js imperative that a curriculum be 
s tructured modula rly^ an d with contiriuit y. He must be able to follow: the program^throu gh v arious . 
. levels arid achieve the j prescribed competency levels* No doubt an Energy and .Power Curricxilum 
" 0^ orientatidnj 'exploration: and "preparation 'sequence. 



It is hoped that the following model can se^ve ^s a basis for the above objectives and assist 
educators aftd administrators in making their, decisions as -hgw best to serve the needs of the 
students and the nation. v: 
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CONVER- 




TRANS- 




.STORAGE 


SION 




MISSION 




& 


-DEVICES 








CONTROLS 



■^-"^ ^_,™^^_,gj^gPQY-FLbW-'CHART- 

The abore energy flow chart indicates th^ interrelationship which exists between energy 
sources, conversion devices, transmission, storage and controls* In order Tor the student to develop 
total energy ..awareness for ; enei^ and power, in a given area of t laboratory he must be ablTtd 
explore the various sources of energy and the coirespondmg convimon systems. producing 
Pg^S j ^h? student certainl y must he aware of tha various met hod s by which power isLtr4himitted__ 
Tmd stored. . ' r ^ - 

















^OfOTHiRMAL 


GRAVITATIONAL 


NUCLEAR 


^ CHEMICAL , ^ 


FOSSIL 


SOLAR 


5- 



Tidol 



Ftssfon 



: Fusion 



Electrical' 



Thermel 



Rsdiant 



Gas 



Liquids 



Salld 



Thermal 



Electricity 



Photasyn thesis 



Hydro 



PRIMARY ENERGY SdU^ES 
The above chart Indicates the primary enirgy sources which haye the greatest potential in the 



'^2evelopment~of-lI.^ are secondary sources whiplvare dependent on 

Ohe primary sources. These are not listed since the major emphasis during the^o^t twenty five years 
wiU^^^^ placed, on the above Hsfed energy sources. The student s awareness and^ exploration must be 
^:'-:-f}^ai/^^^ towards the primary sources of energy: New- jmerging occupations and careers that are a 
=A> f:5^4wa^ result of the development of these energy sources^must be brought to the student's attention. 



ENERGY SOURGES 

A. : The Nature of Energy and Power 

I . : Concept of EnQTgy f : 

2, , Definition of energy, work and power, ^ 
3. ■ ^ Relationship 'between 4iffBrent fbrrns of energ]^ 



\B." FdssU Fuels / 



f- 



,2.': -^ :TormatiQii';of jGsi^^ ^ ^: ^ {v^ ■ / V-^^^^ " - "^ 

^3 I Tha^ayafiaM the^U^Sj^^ tK^^ world / ^lU:, [^^^^ : r.y:::.^::/':^^ 

-pu;p6seiV,.:;A ^ ,o ^ ^v^i -^^ '/V"^.:i;^ J- : v"'" iv";^' '- Vr'";;':"- ^^^^ -i^^^^^^ 

5, .^; Productibri'c>f power v^' ^ - ^ V j - . ■ u - ^ . ^ - ^ v 

6! r Advantages and; disadvantages of foiiil fuels . ^ v - ^ ^ ^ ^ '^^^ 
7; V Fossil Fuels as chemieal^ ; - ' ■ ^ 

.8* ; Erivirdnmerttal Impact ^^ ' .y : ■ " ^ ^ ^ : ^ " 

.R^dmactiva Materials ■ -..^.^'rl . : . . :j;jJ.:_..^.„/:„..' 

I . Nature of the atofe ; f ; r ^ . . ^ ■ * ; ' ■ 

2^ : ExplanatiQniotnucleiir ^ . ; , ^ ^^^^^^^ : : . 

3:^ How a nuclear reactiori can be ; - : 

4/ Uranium muiift| " : ^ - , ' *; 

5. A vailability of uranium i h: the U^. 



6. The advantages and disadvantages of nuclear energy ^ 

7. The rbie of nuclearffiels in the utility industry 
8: Environmental Impact , 

9. Carefer opportunities 

1 ■ , . - ^ . ■ .. ^ ' ^ . "'. ^ . ^' ' ■- . ■■ 

D. Hydro 



■ 1 'l^#>Hyd^^ ^ ^ 

. . ^ -2." Availability / "^ff^ > ■ : / ^ '■ /. 

^ 3. Hbw it can be used to produce^power V j . - 

: " 4 Applications for industrial use * ' ■ . ^ 

*S; ' Advantages and diiadvantages: of its* use/ 
4. ^ 6, ^ The rol^of hydro power stations for the generation of electricity ^ 

7, Envlronrfientat Impact '\ ^ 

^ . 8/ Career Opportunities ' = 
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api)lications for heating and W'conditioi^ 
^^r-r^4:r^^r^^S RdvRn^ and disadvantages as an alternate source of energy 
, . 5; ; The role of solar power in the' future 

6. ' Environmental Impact 

7, Career Opportunities ^ '^y^y y - 
F. Wind . 

' . L Explanation of how the winds are produced v ■ 

2. - History of their use - 
3i. .Power generation from Wind ' ^ 

i**-. ' Advantagas and disadyantagej V 

S> . The role of wind power for the na^^ needs 



Cl ; *^ Deicriptidn of gipthe^ - ^ ' : : J - 

:2. Locatitfn^of geti^hennal 8^^ - - - J 

4^ Advantages Md disadvaiiti^as v 7 ^ 7^ ' ' ^ V 7 

5. TTha i-ola of geothennd^^^^ nation's futurt energy 

6. : Environmental Impact 

7. Caraar OpportUnitili r 7 7 




\ ENERbY CONVERSION DEVICES 



INTERNAL COMBipTION ENGINES 



I*, jndust^ an4 this spctor Wnsumes^ppjr^^ of the . pU in, the ttaitad States* Tha natioh is ^ 

1: 92% depe^^t on. fbs$il fualt^ y^^ very spurfcas^that are depla^g rapidly. Greater 

awar^ne^ and em^^i should be plaaed on alterriate ene^y sourqes and don^^ion devices whldh 
could rediice the dependenca on fossil ftiels. "nie student mup develop an awaraness iid explora 
various methods of powar conversion Isystemi, New career opportunities muit be/ sighted where - • 
these industries are growing rapidly. - ^ ' ' - 7 
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1 CONViRSION riEVICii^^ 
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REClipROCATINO 2 & 4 CYCLE SPARK IGNITION ENGW^ 

HISTORICAL DEVELOPMENT OF INTERNAL COMBUSTION ENGINES 
SAFETY IN THE LABORATORY 

two AND! mUR STROKE (CYCIM^ _ 
1. Fundamenkl Mechanics of 2 & 4 Cycle Enpnes 



earning the Components and Subsystems of 2 and 4 Cyclp Engines • 
(a) 1 Piston & Rings ^ ; 

' (b) Cafburetor and Power Control , 
, (c) Connecting Rod 
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^ -(e) ' Crankshaft and Cran^iGlir^ 
(0, i Camshaft and Cam Gear v V 
1^ (g) Engine Main Bearings 
' (10 Cylinder Heads i^^' v : ^ 
(i) - - Valves ;^ ' -4->, . ^ji^i 
(j) Rocket Arms and Lifters 
. (k) Spark Plug ^ 
t^O) Points and Condenser - 
/2' ^'^^ (m) High Voltage Coil " 

(n)' Ignition Power Source , 
(o) Flywheel f 
l;(pj Engine Bloqk 

D. OPERATION OF 2 &4<:YCLE ENGINES ^ 

1 . Starting Systems ?y 4^ * 
(•a) Rop^^Start' 

Jb) _ Recoil Start,, . * 

(c) Starter Motors , 

2. Operation ' 

(a) Start up Procedures 

(b) ^ Operating Controls 

E, POWER CONTROL ' - 
^ 1. Function of a Carburetor 

; ^2. Principles of operation ofvVenturi type CarburetoiB 
' 3\ Air/Fuel Mixture Ration 
4. Various types of Carburetors 
(a) Float 
* (b) Diaphram 

— (c) — Overflow - — , 

5-^ Filters- 

F: IGNITION ^ 

1. * Types of ignition systems ^ 
; \ <a) Battery^il. V 

* \ (b) Magneto 

2. ^ DefiniWon of ipiitioii timing ■ ; " 

3. How to Read Ignition Timing 

4. How to Vary Ipiitioh Timing 

\ 5. Rel^onship of Piston pbsltipn to sparlc plug flrin^ 
6. Effect of Ignltioh Timing on Engine Power 

a COMPRESSION 



1 , Deflnitibn of Compression Ratio 




How to Vary Compression Ratio ! VvV:-^^. i^^^^ 
f 3? r Effect of Compression Ratio on Enpne Powen 
4 ::^:,,L Ratio On En^trExjiaiist 



COOLING SYSTEM 



1 



1. Need for Engine Cooling 

2. Types of Cooling 

(a) Air Cooling 

(b) Water Cooling 

LUBRICATION 



1, Need for-. Lubrication 

2. Types of Lubrication Systems 

(a) Spla^ 

(b) Spray; 

(c) Pressure 



Dynamometers ; V ' , 

1/ Connecting Engines fo Dynamometers ' / , 
2. Definition of Torique and Hbnapower . ^ * 

. Operating Principles of Electric Dynamometers 
4rz^"~ :Operating Prindples of HydrauHe Dynamometeis— 
5. OperatingiPrincipJesQfProny BrankDynamomete^^^ 
6* Operation of Electric Dynamometer/Ganerators ; 
- (a) StartinjMode ^ - 
. (b) J^Loadihg the Enpne ■ 
£c) Electric Power Generation . _ i 

Performance of 4 Q^ch Engines 



L Measuring Hoi^epower Output 
2- " Factors aflaeting Power Output 

L. Performance of 2 Cycle Engines 

L \ Measuring Horsepower Output 

2. Comparisons of 2 & 4 Cycle Engines 

M Applicatidns % r 

L Single Cylinder 
2. Multi-Cylinder 

- — ■ " ■ ■ 

' M Environmeriial Aspects 



/- 



1 . Emissions of 4 Cycle Enginas 

2. Emissions of 2 Cycle Enpnes 
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n- RKpffROCATING .2 & 4\yCLE COMPRESSION IGNITION ENGINES 

1~ _ Ar ^ Historical Development of Diesel Engines 



Safety in the Laboratory 

Operating Principles of 4 Cycle Diesel Engines 

A Operating Principles of 2 Cycle Diesel En^nes 

Fuel Injection systernshf Diesel 

K ' Common Rail System 
2. , Jark Pump System 

F, ' Fuel Injectors 



1 / Variable Piston Stop Type 

2. Variable Lifter Type 

3. Bosch Type ^ 



Diesel Fuel 

— ^^^^ 



I. 



Comb ustion Process in a Diesel Engine 

Operation ofaDifisel Engine 

L Gold Start 

2. ' Warm Start 

3* Power Control , 



Loading and Power-Measurement 

L ^ Connecting Enpne to Dynamometer 

2. Torque 

V (a) \ Definition 

(b) How it is Measured 

3. Horsepower* 

(a) Definition - ^ , 

(b) How it Is Calculated 
iency ^ 



K/ Performance : . , ^ 

1. How Throttling is Achieved J 

2. Relationship of Air/Fuel Ratio and Load - 

3. Relationship of Injector Timing and Power Output 




ngme 



/:^^^;^>^^>^:-&:V";C^^ Injector. ? \=: '-"^^^^^ * 

■^■^■^^ t^ylinder and Head [ 
y^-^fi ij-pZ^^^ Comparison of Diesel arid Spark Ignition Engines 
. Applications 

1. Single Cylinder — ^ > 

2, ..Multi-Cylinder . ' . ' 

(7. Envirpximental Aspects 

> 1 . Emissions of^Dieset 
- - ^ 2. Comparison with Spark Ignition En gnes and^ i ts Effect 



i 



on Environment 



P. . Career Opportunities 



^ m ftOTARY ENGINES 



7 Historical BackgrQund of Rotary En^^^^ to 
Reciprocating Engines ; 

J. ' Safety in the Labbmtory 

C. The Wankel Engine ' ' ; ^ 

/ :L Fundamental Principles of Operation 

.2. Identif ying the Compon e nts and Subsystems . _ _ 







; (a) 


Rotor and Seals 






(b) 


Carburetor and Power 0 






(0 


Mainshaft and Eccentric 






(dl 
(e) 


Housing 






Side Plates 






(0 


Flywheel 


as 




(g) 


Spark PIuB 




1. 


• (h) 


Magneto 



Power ConiM in Rotafy Engines 

K Function of Carburetor 

2/ Principles of Carburetor Operation 

3. Air/Fuel Mixture Ratio 

4. Types of Carburetbrs 
(a) Float 

(h) Diagram , ^0 

(c) Overflow 
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: (a) Cold start ' 7 " 
(b) Warm Start 
' \(c) Throttle Control 

3. |- Operation of Electric Dynamometer/Generator 

(a) Principles of Operafion 

(b) Starling Mode 

(c) Loading the Engine . 

(d) Electric Power Generation ^ \ 

4. Operation of a Hydraulic DynaniSmeter 

Power Measurements' - ' ' 
1... Torque 

7^^*T^(a)— n^Definition"' — 

(b) How it is measured . ' ^ " 

2. Horsepower ^ ' ' 
' ' (a> Definition,^ 

(b) Hbw it is^ Calculated ■ " 

3. .Effigiiney " - ' ' 



Fuels and Mixtures , ^ ^ 

€^ _ ^ . — : r. - - .-"^ . ^ • / - . . - 

1 . ^ • Connecting flow meters 

2. ' Definition of Air/Fuel Mixtures - 

3. Effect of Mixtures on Enpne Po^er 

4. T Effect of Various Fuels on Engine Power 

5. \ Efficiency 

Comparisqn ofKota^ and RiciprocdtingErigmes 



Applications 



1. 

2. 



Single.Rotbr 
Multi-rotor 



Erivironme^tal Aspects 



2. Comparison with Reciprocatihg Engines and its Effi 



1.. . Emissions oif.ftdtary Engines 



One the Efivironment 



;v>;^' :^ :^ Safety in the Laboratory , ^^f ' . 

Components and Stfbsysiems of Steam J^rb\ne Generators 

> Steam G©n©rating System ; 

. ^ ^ "s...;V;/ (a) Heat Source and Controls^--^ 

^ ' (b) ^ Boiler . /* / ■ 

r (c) ^Pral^^atar Coal , . ' . , , _ 

-V \/ - ^ \ (e); St^^haust- ^ ; ^^^ifsf fe^^^^^^?^^^ . , ■ 
f-M;' 'i'-"^^^^^^^^^^^^ V ■ " Energy' Goiiversion.Systimi ' : " ; ■ ' : ; 

li^^kii^^ j: Turbine Wheel , li.:^^^ 

• t <^ (a) . Fixed .Resistors : ' : 

(b) Variable Rasiitbrs _ v 



PpWerOut^ut- r/. ■ .^■V;^:•?•■■ ' ■ " ■ * :=-=^ "l;.' 

1. ; How toMaasura^PwetPifo ^^^^ : : % : ;^ \ 

2; ^ ^^^ 

3 Relationship of Output PowAf^ and Load 

4. kelationihip of p . . / , ; , / . 4 



Applicaiions > ' \ V i 

F, , En viro nmental Asp^ - - > ^T'^^^ ^ J ^ i__^_^»Avi^ivi_„ 



Career pppbrtu^niti&s^^^^^^^^^^ 



RECJPROCATING STEAM ENGINES , - 
4. ' ' Fundame^tal^h'inciples o^Oper^^ Cycle ReciprQCating Steam 

J; Safety in the Laboratory ' 

C Components and Subsystems o f Reciprocating Steam Engines 

L. . Steam Generating System ' 
2, Energy ConvefiiDnSy item ; . 

; ^ v ; (a) Piston-CylindejT . 

^ / / — (b) Val^ Tpain - ' . 

^ '\ (c) Connecting Rod 
' (d) Crankshaft 

=™^^~7~"^=^'^^^^"tt)^^'^"^FlywhW 



^1 
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Applications 



1 -'^te-^r^J^-^^^T'- 



:^E\ Environmental Aspects 
■F, Career Opportunities 



n 



NUCLEAR POWER GENERATION 
NUCLEAll REACTION AS HEAT SOURCE 
SAFETY m THE LABdRATORY ' 



'ra NUCLEAR POWER GENERATORS 



A. , Fundammt Stmm Cych 



5. Components and Subsysterh^&f a Nuclear Powet Generation System 



C : /tow 



; Ste^m Ge^fefitingi Sy stam ■ - - : r * 
■ (a) 'Reactor and Control Rods^ 
^ (b) ^ Superheat ed Its Conttol 
"(c) Condenser - ^ 

(d) Reheater System 
- (a) ^ " Water Pumps and Controls 
' Enfirgy^Conve^ion Systems , . 

(a) - ^ Turbine Wheel 

^.(bJ ^-^^ElectriQal Generator .^^^i^ 

System Loads ' " ■ 
"^(a) " Fixed'Resistorg' " ^ - 

(b) Variable Resistors 



1. 

2. 
J. 
4. 



How to Measure butptft Power ' m 
. How to Vary Output J^PWer 
%elationSIi3f of Otftl^t Poww^ 

Relationship of Output Powfr and Input Steam Pressuw 



Wr"^' ApplK^mhsm^^'^ 

E. Ehvirbnfnental A^ects 



Career Opportunities 
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ALTERNATE ENERGY SOURCES 



SOLAR ENERGY 



Introduction to Solar Radiation as a Direct Source of Energy 



K ' Geographic Distribution of Solar Energy Input - 
2;:' Solar Flux at Vario'us Parts of 4ihe Day and Night Cycle 



B. 
C. 



Safety iri the Laboratory 



X "^^ 2. 



Solar-Electric Generators 

L . .,.^undarne:^italprincipIei^Qfbperationof Silicon Solar 

Gomponents 4nd Subiysterns of a Solar-Electric GenaratorV 
^_^QUj"ggsj3f Eiijerg y_ _ ^j i;^.^ V_ 

1. Natural -^n , 

2, Artificial - High Deiisity Lamp 
- b. Energy Conversion Systgm>'f; I 

y 1 . ; v?;:^Silicon Solar Cell Aifray 
^ ' ' 2. * Other, Crystalt' \ ' ' * ^ ^ 

- _ _ i^- System Loa ds - - V'l, . - - ^I. 

^ 1. Resistors ' • ' 

r 2, Batteries : 

" ' % 3. ' Electro-Me^anical - -\ 

3,4vv^\fijJw,erOutputv Solar E ^' ^ r u.^^ 

a- yow to Measure the Output Power 
^,1^, /Ho^ to Vary tiie Output Power ' ' 

l^'bi RelationshjD of Output. Pp^Mf rand Load = 
^„ d: ^ Relatidn^^b f Oj^tpu t |3'>ifer and Light Density 

^ e ^'Relationship of Output Power and Distance-froin - 

^ ' Light Sou^e ^ ^ ^ * 

4^ , Applications V . 

5, Environmental Aspects ^ 

6. Career Opportunities' ^ 



Splar-fhermal System 



Ti "^l . -=ff.V. 



1 



Fundap^Liat^ principles of operation tff solar thermal 

Ctomppn^ti and SMbs^t^SV^ systeni^ 
-a. Enifeiiy Gonversfiiii^ ^^^^ ' — i^^ /v.<?^/ , 



1./ Solar Collectbr^^' ^ :Z 

(a) Types of Collectors 

(b) Insulation 

(c) Painf Selection 

(d) . Glass Covering 
. 2, Plumbing System>r_ 

i^X , Pumps ^ • ' 



;^;^^t^^g»:pperation"^nxi-ControIs-. 



^.V.iO"-'^; Applications 
^^i^i 5. En vironrnfental Aspects 
' 6. Career Opportuhitles 



5/ 



'3-; 



fetytntheyj^abQjratory 
Wind PowfriOfiriefaitbn: ^ 
1. 



:.. ■ -. , . \ -y'^i" : . • 



Fundamental prirfciples of 0pBralioil;Qf '9'wmd-i6dwey^^^^ 
Coippdnfentg;ahd iub^^ 



jergy uonversipn q^a 

3v ' V Electric Generator ^^ ■ ^ m ■ ^ . , 

Sy$ttfin.l.pads^'.. . - , 

■K* ^- : Resiitofs^V-" ; ''"'- ^^^'"^ '-;-:V-V -^' -v-^^ ' 

3; Output Power T 

: ; (a)^ ^^^QW; to MeaiOre the, ©utjpul Power: ^ 
* ^(b);;' " ^ ^^^w to Vary the Output Power ' 
; ^ Cc) RalatidiKhip of Output Power an Lot4 



(d) Relationship Qf Ojut|ut Power and Wind 
■ Velocity ; ' . 



1^ Environmental Aspects 
F. '^.jCaFeet Opportunifies 1 
III HYDRO POV^^)' 



^ / 



-4. fht reduction to Fldwing Water as a Source oS. Energy 



Safe^ in the Laboratory 



C Hy^ro EleGtria Power Generation 



L. Fundani.eirtal prtj^Qiples^of operation of a Pydro-Electri.^- 
Geriferitor - - . - ^ , ^ 

- 2V ' Components and subsyitems of a Hydro-Electric Senerator 
a. W^ter System ' . . . 

1.'^ Supply and controjs 



2- rr^Discharge 
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b. Energy Conversion Systems 
1 . Types of nozzles 

' ^ 2: Types of tuitine wheels 
3, Electric generator 

c. System Loads 

1 . Resistors 

2 , Electro-mechaAical 
3, Output Power 

a. ' How to Meaiure the Output Power 
Hpw to Vary the Output Ppwer 
Relationship of Output Power and Load 
Relationship of Output Power and Input Water 
Pressure 



D. Applications 

E Envirunmmcal Asp^^f^ 

F. Career OpportunUies 
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VARIOUS METHODS OF ENERGY 
& POWER TRANSMISSION 



The power transmission industry has long been concerned with the cost of power distribution 
especially when the primary supply of energy is* at long distances from the point of distribution. 
The primary method of transmitting power has been through solid pooLductors through alternating 
current, 

SoliL energy transmission from outer space has seriously beefr considered as a means of 
uninterrupted power through microwave beams. The uidustrial applkaiiuns uf inicruwaves and 
lasers have been established and arc the most rapidly growing areas. Student awaieness and 
exploration in the laboratory must highlight new emerging technologies and careers 
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ELECTRICAL ENERGY TRANSMISSION 
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D. Hydraulic Pumps-Tramsmlssion of Fluid Energy 

a 

1 . Basic Types 

2. Components and their functions 

3. Flow rates 

E. Basic Hydraulic System Components 

1 , Pipes 

2. Connecton 

3, Filters 

4. Control Valves # 
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^ ,,2.. Connectors. 

3. Filter 

4. Control Valves 

5. ^Actuators 

(a) Linear 

(b) Rotary 

6. ^ Water Separators 

F. Comparison to Hydraulic Systems 

, ; 1. ^ Response time 

2. Power - Density 

3. Tank energy storage 
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D, Applications 

Environmental Aspects 

F\ Career Opportunities ^ 

VL LASER ENERGY TRANSMISSION 

A. Introduction to Lasers and Their Uses 

B Safety in the Laboraiory 

C. Laser Transmission Systertis 

♦ 

1 F^indaniental principles uf opeittuuu ur Uaci 

transmission systems 
i Con^onents mid Hub^y^i^m^ ^^i ii^^ la^^i Uyii^taisiiot 

systam ' 

(a) Power Source 

(b) Energy transnutuun sysi^^m 
1 Power Supp^ 

2. Laser 

(d) System loads 
i BiK'y/ 1 fEnsiiil^aiun 

(d) Measurenient < 1 i. , t. . . 

(b) Measurement o£ ftcd^cd p,* t/ui 
(g) Relating the input powci to ouli-^.i 
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and receiver 
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2, Components and iubsy^ems of a microwave transmission 
' " iystim " ^ \ " 

(a) Energy transmission 
1 1 , power supply 

2. microwave transmitter 

(b) Energy reception system 

(c) System Loads 
Energy transmission 

(a) Meaiurement of transmittfid power 

(b) How to vary transmission power 

(c) Measurement of received power 

(d) Relationship of power transmitted and power received 
(a) Power variation due to angle between transiuiUer 

and receiver 

(f) Power variation due to distangc btfLwccu U^asinltLs^ 

and receiver 

(g) The effect of variuus ob^ttt^ lw^ hi th^ b^am 

(h) Transmission losses 

Applications 
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CONTTOLS 



ftCHANlCAL 



1 



ELECTRICAL 



ENERGY CONTROL 
AND STORAGE 



NICH^ICAL 



! 1 



STORAGE 



ELtCTRlCAl 



INUUCTORS 



CHfcMlCAL 



i 1 



ELECTRO- 
CHEHlCAi 



POTENTlAl 



lb 



LAP AC 1 TOKi 



1 

FU£i ^ 



f 

I. , 3y ^.^..1 aI ,,J, can ^luic cn. :gy tut lung pcriiMla i i iiAic Ajiia. i I , i, > i ^ 

of hew type^i ol energy storage *iysten»s, fh^ studrfrii niust hi able U, Jcvi'lup h a /diciitu md 
iiiuil t>t higtilightcd aiuj brought to the student dttentiui! 



2. Mechanical Energy 

(a) Flywheels ^ 

(b) Position - gravitational 

(c) Spring tension - compression 

(d) Compressed gasses 

3. Thermal 

(a) Hot Mass 

(b) Evaporation - condensation 

(c) Fusion - solidification 

4. Chemicai 

(a) Fuels 

(b) Batteries 
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: . : . CIJRRICULUM GUIDELINE FOR ENERGY 

SOURCES AND CONVERSION DEVICES 

Part I 

By . • 

^ Dr. Leonard Sterry and ^ 

NECEP Curriculum Committee Members 

(}eraid Aii^tuncliis Jutin Murphy 

Vahan Basmajian Herbert Seigel 

Eugene Bower Puul Wigliajnaiu 

iiiiv/1 niation pertaining to the developnienc or bu^r^^y and Ptiw^ i \ lugiuini. Sin. e th. b4il;jt;^^ \h ot 
brudd 3tupt dJid ddplh, It wlii be divided lulu two pail^ 
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Another important elernent is to classify the energy conversion devices^Q that the student ^ 
can point out the basic differences for each classirication. For example, internal combjistion engines 
operate on a different principle if compared to external combustion engirffes. The follmv|^ 
parameters characterize the energy conversion devices: - . ■ t. : , 

\ . Operating Principle 5. Uses und ApplicuronH . 

2. Pdrt\)rmancc 6- Cust of Opcruiiun 

3, Efficiency 1. Availabiliiy * 
4 Eniissiofis ^ 8. Adapfability to ihc 

C 1 i V 1 U M 1 1 11 u J 1 1 

t 

ll u uIjvI«,>U3 llial cilt:i^> L».iU vg KSluii ^liuuLl lake pl^wc vsllii cttlcl^, lU. ) an si 

v^iUi u iiiiuiniuin aiuuuiu ut gnii:sbiond 

LlH^i ,111 J J^. . , 1 1 1 ,!M^.Ullj*it. / II 111 . tl . .lilit^ J» >l .1 , . I, I . II I 1 . I . - 1 ll.y 1 ^ fM I . - 1 i J . . . 4 . .i 

, ^cqUCnCw dnd Willi pn^pcr pef^^g^llNC fca^.i^^ 1^ u:* o s Ui^i Jii.m^,, i lanh^i.lijh.i. y.iJ Suvui.il 

in.iH/ildMt para»neters inu.,t be Lt)iisldcfud sik.Ii 

1 I ,i^i45> i > i.M, I 1. i 1. ..... .it 
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. ,.1 iul drt, r^i ,li ^jc.^hlta 1. y u . i fl . n t i lu .ate and jM^;daC. tf t^UUit^ 
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, ,ii I / J i^h I * M * i ii ^iui.. a. 1 tlm. o. . ll 
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There are many Other varieties of energy converters. Excepting the hydro-turbines, the rest 
are in experimental stages. Fuel cells, thermionic, solar and others presently produce a small 
fraction of the needed power. However, th^ future development of alternate source^ of energy is 
directed towards tlie exotic types. Solar, Geothermal,. Hydro and^MHD generators show tl^e^reatesf 
potential in power generation, > 
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^^^t^^^i^B Vast reservoir of /'fr^8'^e^ergy which comes to us as sunlight. A solar oven makes usaj^^l^^:^ 
^4:;;^ ^th^ energy and, through sdantlfic priniGiplts.Qf heat retention the tamperature to a point - 

where food ^n be baked/— ■ -^ 'i^'^y-LyiZ^^:^ / 4 
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Alternate Design ^ 

Instaad of using one piece of metal to form bapk and iid§t> 
they may be made iaparatiely. 

Sheet metal screwi may be used instead of maehir 
sdrews. 

Aluminum may be substituted folr the galvanized sheet 



10 siufgr 
i^e 



O f 



1 Piace gajvanized sheet steel. No. 26 gage x 1 gVi indhes 
square, bas^. 

1 RiactgalvaniiedsNeetSte0l;No.26gagex2^ . 
. widt X 54 i nchies lonig,, back, top, a nd sidti f abr icat ion 
1 Piece galvahized sheet sttal, No. 26 gage x 1 3 inches 

square, false bottom 
1 Pi#« galyamztd iheet steel, No, 26gage^9Vi inches 

widex14V^ inche0 long, door - ^^^^^^ 
1 Piece galvanised sheet steel. No. 26 gage x% Inches 

wlde x28M inches long, top:ahd sides; dbor insert strip 

1 Piece galvanized sheet steel. No. 26 gagex 1 V4 inches 
^ wid^x 1 2% Inches long^ bottom, door insert strip 

2 Piecei galvanized sheet steel. No. 26 gage^k 1 U inches 
vvide X 1 8 inches long, glass support ^ 

2 Pieces tin plate. No. 26 gage x 1 7 Inches wide x 221/2 
inches lbhg> top and bottom reflector panels 

2 Pieces tin plate, No; 25 gage x 1 7Vi inches wide x 22 
inches long, side reflector panels 

1 Piece Fiberglas insulation, 1 inch thick x 24 indhes 

— wide X 96 inches |ong= -^— 



T Piece glass, double thickness, 17% inches wide x22^/i 
inches long ; . f?: 

2 Pieces band iron, Va inch thickx% inch wide x 2 inches 
[ong^doorclampi - . 

^^4 Pair strap hinges, 1 inch X 4 inch . 

3 Sash pulli 

1 piece steel safety chain. No. 1/0x9 feet long 
5 Nails, No. 6 penny^ y / - 

2 Sash handles 

40 Machine screws, No. 6 % 32 x Vi ihqh long, round- 
head, vA/ith nuts W , ' 
1 Machine ^crews. No, 4 x 48 x incfi^long, round- 
, head, with nut ' | 
16"Tinntr's rivets ^ 
Duco cement 
' Flat Black paint 
Solder 

Sealing compound 
Heavy white thread 



ENERGY GOKVERSION TECHNOLOGY 

■ ' \ / industrial Arts Educattpn:. ^ 

'jr vvv-i^ a'Contemporary Prograrrt From a Traditional Base 

TRANSLATING ENERGY INTO POWER 
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. Students in Action \ . , . ' : 

P^:Mo^t^6f : tlife^ eneijy* Iduiation . deal With the -phUosophy^ eneiiy ' 

educatipn pfogrtoiV ih© identiflcation of; the scope of ;the fleld, and the fo goals and 

objectives^ Such artiolei af a fhot much help to a teacher y/ho is operating in an. autpmotive , small ; 
aiigine Of pjower mechariici; program^ of 
viriiplamenting energy educat^^^^ c^es are many, but can- be condensed to mbney j faiDiUties 

'^^^ "ep^ipWaStrif 

enthusiastic, a solution may be arrived at within existing ccpiditi > ^ ^ ^ • 

^v; At WertfSerieck Ea^^ School (\\^it: Seneca Central School Syste^ of 

BuffaloV N.Y J ah Mei'gy Conversion Technology program has been operatihg for the past seven 
years. From a veiy meager beginning, the pro-am hM advanced with; veiy little monetary support 
^to;^therpdsitiqrir0fTex 

Numerous competition \dctDries by the students in local American Society'^^ Engineers 
(A.S.Mifi/) sponsored, events plus first place finishes in the local Science iCongress competitions 
inJfCtufeHdemonstration fbrthe past two years point put this success. 4 V : r 

West Seneca East is th^ only hi^ school to be funded by the Federal Energy Research and . 
DSveToprhent Administration (E.R.D.A3 for work on alternate Energy systems in the forthcoming 
SCORE ERA II intercollegiate competition. The student group's proposal was ranked Sth from the 
80 proposals received for grant request review. ^ \ 

- Over the years, ma^^ students haveVgone on to-coUege and. 

specialized in energy-environmental related careerp. They havf obtained scholarships which have 
demonstrated their exceptional ability and dedication in the area of energy related matters, 
including the Westinghouse Science Talent SearchScholarshlp, which is competitive on the national 
level ^ ^ ■ V' ■ ^^^^-.,x:::r- . ' " 9- 
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Ofw of sevmir hiiltvifiri^^ in tire lldlC Till} 
one (Icsvrihi's tlw nwaiiiiii* al Power 1 CLlnmlui^y. 



5y 



JI^re§oL^:.thft^v;students ^placed in the topu.30. percent : of the National Materials Handling:^ 
■H^e^^'^competiticn^ held in Chicago last spring; Who were : there competitors? Professors oPS 

_ engineering, practicing engii;ieers and college engineering students. *^ - 

■ % to achieve this success are introduced in this article, but space wili'riot permit 

" rreports on ^^h^ projects suct| as small engine dyn'amomatars, 

- human horsepo^ei:^dynamprn^ ^ /lame ^^pfopagatioif- dampnstratorar ^tmo^^ " angiries^ 



V ^ ^Paw: teachers ara plucky enough to have bond issue oi^ dapital dutlay rMnies to . finance the ; 
necessary aquipmant > for to^ must operate'^in existing facilities 

which ara designed ^fpr^o ^glna rapair) and' , on yearly 

/depai^^ntal budgets, wUch are.ridicuto^ ^ L - *. ' ^ " \ 





( A. SM.E.) winning *'efficiency vehicle''. Builder: . 
student Vince Kuntz^ 

The secret is to idantify the; field of energy conversion technology and formulate your 
philosophy, based upon the rationale of Industrial •Ai'ts education. Industrial Arts, in its broadest 
concept j is really general educations and balpngs in the academic high school, for all students. Such 
a rationale of Industrial Arts applied to energy education is a good case for convincing your 
dapartment chairman, the school administrators and the Board of Education of the value of a 
technological study of energy and power. Traditional auto mechanics courses may not meet th 
needs of the students for entry into the new and emerging energy/power occupations. Just such i 
presentation to th6 Board of Education in 1968, explaining why an energy program was needed 
over^that of the existing auto mechanics course, gave initial support to the West Seneca East High 
"^Schoorprogram^V^^'"^^"'^'^""'^'^^^"""'"^^'"'^'^^^ 
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The W,A,S.P. ieam*s 12' diameter electric gen- - ^/ 

- erating wind turbine, under construction. , . ' 

: THa toy nword in.any presentation is preparation; Ba cartmn that yo the philosophy: of 

- Industriar Arts, Be sure you, have the self conviction and mtionda for an .enargy program logically 
T^derivadT^List thi^cour^anioalsTand obieetivaffi^ 

^ araas to ba taught. Show the langth of the programi -18 -weeks, 36 weeks, ate. Include an 
^ laxplanation dascriblng how tha course is going to be conducted* Later, basad upon administrativa 
approval of your proposal^ this, sama description can be used by thegiiidanca department to tall 
prospective studants about the new energy technology program. . - 

A comprehensive energy program should be based upon the concepts and principlas 
apprpach, through tasting and experimentation. Such a program has little time to concern students 
. with maintenance and repair of laboratoty anargy systems or en^nes. Mechanics training can be 
obtained at the locd vdcational center^ which spaciflcaUy deals with these matters. Yet, in raaUty an 
energy technology course, at the high school, articulates wall with the vocational center. Having 
future vocational students receive the advanced jconceptual education ^and basic„ skills graatly 
enhances their manipulativa competencies if they select further . study in mechanics training. This 
program also provides excellent preparation for entry into post^ecoridary technical and higher 
education studies. ' 
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= With surprisingly little difficulty, the Board of Education enthusiastically approved our 
curriculum request. In addition, the Board sent a directive to our other high school advising similar 
-cuiTiculum-ch^nge-actionj-This same 
in New York state several years prion . 

:54: y SI ' : 
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l^aiionah fmieriais htuuU'm^ cnnwm' wifh^ fbvir 
^tffig^carryfnf^ nhidtinc^.^ Leftju n^lw _Mark Tay- 
lor. Riiss FullAcind Jcmws Capet 




^r Th^ eumculum ~ ol^Bn^ ^j^MA~^m^~^Qof\^^is progressed^sIowIyTHoWraTTch^e^is^ 
aontinually taldng plica. Tha lack of fynding^^^^ 

equipment part of the: life prbgram: At firsts small en^nes (modtl airplane engines and- lawn 
mower types) were used ^ to obtain necesiaiy acti\dtiis^ Theia were supplemented by experiments 
with expansion (heated pistons)s the utilization of measuring instruments, calibration of flowmeters 
for measuring energy input flow rates)^^ displacement^ compression ratio,, valve timing of«fa 
bur-stroke cycle engine, and model yahicles. The application of energy systems to .models closely 
epicts full scale concepts tnd^ principles/ The testing of these model yehigles (model rockete, 
airplanei; land vehicles and hydro machines) pro^des students with a /t^/ for performance. : 

Each semester oqe new piece of equipment t>f a new activity is added to the program. 
Practicing teachers know that without adequate activitie best .theoretical programs will diSi 

Inter^class competition helps with the all important motivational problem. Some of th^e\ 
include: ; V 



h paper airplane design contest for performance 
a. duration of flight . 
.b*T^r--Jpngest (distance) fllght--^..^ 
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obtaining' the^ greatest lineal -distanca;ffo . •": \' r-:y-f^^;V:^ 

T-^-. energy source (mouse trap spring) 
materials handling contest 4^ :^^^^ - , - , := :i 

i^ : delivering a niarble along r horizontal string and depositing it an a co^tainer^m^^^^ 
# the shortest period of time, a; - ' . ' ^ . ^- 

niaterials handling contest ' - ^ ^ -^^n ^^==^V- 

a, delivering a raw eg^' in a machine of student design which is powered by standard ^- -^^^^^^ 
mbber bands. ta a solid wall (25^ frfet away from start) m . r 

time without breaking, - ^ " ' ' ; . 

5. solid propellant rocket car contest ^ r , * . ' ^ " - ■ 

. a. with limited mftfarials designing a model land car powered by a rocke^t 
: V ©ngiha (Ester Co;) which tan-travrir line coufeejqn a^ r. ^ i 

/ , /; guide wire (200* or more) in the shortest period of time. ' . - ^ ' 

^ .. : . : ■ .. ; - :'f ...^ . , . . ? . ----- ... ^. . . ; . _ . . ,^ . . -\ . _ - . -. . .: > . , 

; The obvious question relates tq^whera many/of the niatarials^and supplies can be obtainedvif - 
ithtere^ are-no monies.-Hefe^arl^iome examples ^.-^y. -^n..'; ^ ^^^ ^ .^ ---z ^ ^ ^ ^;^;^ 



^ ^ . L When^b an Automatefl Savary Atmospheric engine^ there was a>need fdr.a 

r natural gas' flow nbatar of coriside fo National Fuel Gas jesullad in ; 

5^thair donation of a SSOOi^^^^ ^ ' - c T 




56 



ERIC 



Emrgy 'Technology's titiie 1 1 ts-pose with -tlwIr whiT- 
ning sclefwe and engineering prajecu, Teaclwr 
Gierke shares in (heir triumph. 



i 



- ~. 2r-" ~When.-lo6fcing^for a method to incorporates wijid energx^in our ^coursfc, the Federal 
^ government helped with its income tax write-off^fbr donations made to educational institutions' 

policy. This opportunity • was presenied to a local farmer who gladly took advantage of 'this by; 
v_donating a 46 year old water pumping mill which the students restored andds currently standing on 

itsJO' tower for experimentation purposes. ' 

: . Out 8* diametet/doncgntrating solar collector required many materials. A call to the 

local division of Hooker Chemical resulted in the donation of 20 gallons of p01yestef resin. A local 
plastics fabricating company donated to^li, materials and a the project, 

' > i . ^ *'f-Help was needed V during the design phase of the Flame Propagation demonstrator 
project, A call tc^our local electric utiUt^ company, resulted in the j^lfineering and materials n^lded:' 

- 7 -5. Many of the machines \and experiments ^hich popuTate our' lab are const^ucted^as an 
indirect result of the teacher s ima^native nature for trying not to throw out anything which might 
^be_usedJaten3aLv^gedJtemiJf^ipm surplusinclude-Tocket^componentsJ 



^ ' 6/ The graatest-^accomplishment of the program occurred this school year. With the help 
of puriUbraiyi^>o tecftnologyMaborato^ has raised just over SSsOOO in cash, equippient, 

materials and services for our students' entry in the national alternate energy competition, . : ' 

_ ByLSpntactingJflj^al industries _and service oiianizations (Lions and Kiwanis„Clubs)„the names„ 

anB aiddresses we're; obtained for potential donors to whom a project prospectus could be sent. Over 
60,of these descriptive bulletins were sent out with the request that the student representatives and 

, teacher be allowed to give a slide presentation airi talk to their Tpemberihip. " 

' \ ^ ' ^- V^" ' ' ■ ' ^ " - ' - 

-n.^ftef two wfeeks, fpllow-up phone calls ware made to the recipients of our bulletiris to see if 
they had received the materialv As mentioned earlier, the response . was most gratifying. ^ne-third of 
, those contacted donated something to our energy cause. The local West Seneca Kiwanis Gliib and 
National Fuel Gas each ^ donated S500. 00 and' represent our lai^'est contributoi^, Eachi contributor 
— was sent a thank you letter-which-edntained thp^gnatures of Bll^Wind and Solar Power (WtA.S.Pt) 
memj^ers. They will also^ceive regulaotudent edited' progress reports showing how tteir donations 
are being utilized. ./ 

' ; Many of the 'p^opam accomp^U^^^^ relati' directiy to public relations. 

When; a program and students do spmethlng worth mentioning, write a short article; include a 
photographs and submit this to the local newspaper: If your school system has a newsletter which 
goes out to the taxpaymg publle, include your noteworthy energy article, 

. - ^ ; V . ' = . = - , . . ^ . — . - . . ■ - . /' 

When the community sees that the schools are teaching for the future with applications to 
real world problems by motivated , enthusiastic students, many problems which seemed 
insumic^intable vWir^gin to fade. 

Keep in touch with your district administrator in cha^e of curriculum, for any state or 
Federat grants wfflch'^ay become available^ In a dynamic and current area such as energyj attention 
is demanded fpr any welHhought-but and carefully w 

The energy teacher must keep current of the leatest publications, as something new happens 
ajmost g very day. ^me^^^ , , , , _ _ 
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Resources 

Resources for the Future 

1755 Massachusetts Avgnue N.W, 

Washington, D.q. 20036 



Petroleum Today t v 
Circulation Department 
P.O.Box 441 -\ : 
Detroit, Michigan 4823 1 



Jublio Ralatioris ' i . 
brte Gateway eircle 
.Pittsb.urghw RA^l 5222^ 



Jnsiiiatign Reporter' _ ' > 
: I^fation -Miii6ral'3Vbpi Iniulation Assn, 
' 382 Springfield Ave, 
Summit, N.J. 07901 ' 



E.A.R.S, Catalogue ; . - ; 
Environrnerital Action Reprint -Service 
2239 EastColfax Avenue 
Denver; Golorado 80206 

Energy Reporter: Ee^^^ ; . 

Jtdministrqtion CiHzen Newsletter 
Federal Energy Administration ^ 

_Washington,_D.C.^.20_46l_____i, 

The Texaco Star \ ' 
135 East 41st Street 
New York, N.Y. 10017 

Power From Oil 
Metropolitan Petroleunr Co. 
380 Madison Avenue 
NfewYork;N.Y. 10017 

Aerospace 

Aerospace Industries Assn* 
1 725 DeSales St. N.W. 
Washington, P.C 20036 

Chemecology 

Manufacturing Chemists Assn, 
182J Connecticut Ave,, N,W, 



- Gomplefely recomiifioned S- ciiameier water pump- ^ . nnno 
ing windmHL Students spent their summer in the Washmgton, U.C. ZUUUV 
Energy Techfiology Lab to complete the work. 
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Tips on Saving Energy \ , 
Goiincil of Better Business Bureaus, Inc, . 
' I ISO 17thSt, ftJ.W, . ' ^ 

/ Washington, D.C. 2to6 ^ ^ ^ 

■^Marilyn Edwards ^ - ' ■ 

V Public Informatio^t -- NASA Windmill Project 

NAS^.- Lewis ' f . . ^ 

Clevelanci, Ohio 44135 



Energy Activity Guide . * . ;* , 
Anne Bull ^ ^ ' . . 

Park Project pn Energy Interpretation 
t^atlonal Recreation and Park Assn. 
160rWorth^entSt ^ , 
Arlington, VA 22209 ' 

^ ] ^ ■ 

\ - ■ - - . ■ • • • . 

Inforrrmtion or> windpower . . . ^ 
Los Alarnos Scientific Xibgratpiy . - 
Attn: J. p. Balcomb 
Los Afamosi New Mexico 87544 . 



iYSoIarErtergy^ Geo thermal Energy Goriduct^n Energy Audit, Solar 

^ Collector Alqnufacttiring Bulletin, Careers in Energy Industries ^ 



Information Dissemination Branch 

ERDA Headquarters - ^ ■ 

-Attni-R-Tumipaeed ^ — 

=20 Massachusetts Ave., N.W. 

Washington, D.C. 20545 



Information on wind power 
American Wind Energy Assn. 
21243 Grand River 
-Detroit, Michigan 48219 

InfoTma^ion=onenergy''and powers 
EnvironmentaLAction _ \ _ 
1346 Connecticut Ave., N.W. 
Washington, D.C. 20036 

School Energy Contests 
Region Twp 
26 Federal Plaza 
NewYoTkVN:Y. 10007 

Information on solar energy . . 
Sandia Laboratories ^ . 
Public Information Division 
Albuquerquei New Mexico 871 15 




, ^tiHtf Wiiit.t Uifhint 'tm f'lVii'f //'*» siiii i mUifHiiif iilh-rHfillcillUh' i'Jfi'fi'! i funl'i tttn'U S{ iHil I N I //. 



^f^^MagatinesjW^ on energy: 

V ViflQterriaM^ Sources of"' Energy ^ 
"ri . Route 2; pox 90A , ^ ; ' - > / 

rx (Cost S5;00 fOra one year subsppRUoao4 issilfe^^^ 

Ml^ahanix Iliuitrat'ed ^ ' " i - ' ; : : . . > ^ 




Popular Mechanics V ^ v r : 
PopulW Sciancf / : ' ^- : ^.V 
Scfenq.^ - , ' J' , • ; ' ^ ' ' 
Science News ^ . ' -^j 
Sgtentlfic AmeriQan ; } I 

54468CR 31 ^ ; : : 

Bnstolj Indianan465p7 ^^^^^^^^^^^^^ : / ' ; - . ■ > ; ^ ' ; — V 

' (Cost $fi.00 Ibra c^ie yia^subicription^^ , ^ \ 

Books for a bMsiq energy collectipn : v , ^ / ^ 

: ;~t"Danials,- Farririgtbn ^^/^^ theMm 'srEnergy New -York-^ r-~ ~7 ~-^~r~r~'tzr~::r-'- 
: . Ballantine, 1964. (S1.9S) \ V J: : ; / . \ 

" :> wnttelb- thirteen years ^^^^^ generally acclaimed as thg. best-in 'th&^ 

fleldj from a layman's point of view. Semi-technical in uature.and loaded with practicalj home-build 
projects J Direct Use bf the Sun 's Energy is a must for the alternate energies library. 

7." ■ '^TT'"' " ] ". ' ' -"" "^ ■- -- ^ ; • - . " 

U.S, Departtnent of Energy * / . V 



^^fationSTIanrfor fcnergy KeseareIi7PeveIopment, and Demonstration*"" ^ 
- Creating Eri^ _ __ __ 

The Plan. Washington: U.S. Government Printing Office, 1976. 
/($2.q0) ^ 

This publication QUtllhes the pfficial positib of the gbvefnment on energy-related matters. 
An enlightening section cpncerns itself with the roles of the private and public sectors, the Federal 
ageneies and of E,R,D.A. withihe national energy problem and the nature of Its solution. 

Chapters include: 1) The Plan, 2) Budget, 3) Implementing the Plan, 4) Developing the Plan. 
Special note should be made that there is an executive summary included, which precisely describes 
the key points of the book^ A must for serlou 

Friend, Gil and David Morris, Kilowatt Counter^ M . ^ 

Altematiye Sources of Energy Magazine, 1975. ($2.00) - 

As stated on the cover ot this publication, th^ included material (34 pages) is, A consumers' 
guide to energy concepts, qilantlties, and use^ li is written in non-technical terms, aimed €t the 
rlayman who is inteteited-in-learning-more-about-e 

life. There is an interesting quiz at the end of this booklet, entitled. Testing your energy awareness. 
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3^ ^ _ ; Boyd 4nd :Fraser, 1974.,($9^ : ; V; 

/:;:;SE,y :.,,:r=-=V-^*^^ to'dat¥ on bj^cTnc energy and- tHi' business of its gene^^ The 

,^^V' text thbfduglUy abvers the .tichnology (in relativaly simpl© teHns)^ economics and environmental^ =- 
' t - considerations - 
-l - \ ; and the derriaridsVhich. will be piaced on the power system ■ - : . v : 

-f - . . _ . ; . - :■ t:^-^r^:--T^-\%. _ r r - y,^.- 

^^::j^k-:/K\.^^: Natipnal Science Teachers AsSn^ ^ ; ' - 

; . ^ Gllide.^Washlngtbh^^^^ A^^' 

V i^^^^ Readings for teachers _. . . r ^ ^ : . ; :» 

. V 3.:^ Guide fo fllrtis; and audio/visual. materials' / - ^ - ^ - :v \ ^ ^ ^ ■ 

: " , 4.: vGuide to energy^nvirpnment curriculum nlaterials ^ ^ v ^ 

5. Sources of information and materials . v : ^ ^: . / T 

. 6- Guide to government documents ^ ^s.: ^ ^ I ^ ' ii^ . 

; ^ . 7. Keeping cumnt; Bibliographic and subject terms CB'i^^^ ' ' 

This - yaluabe : guide' contains liiterally: hundereds of sources of free mafgrUls. A mubt for the 

. National Sci^ce Teachers Assn. Energy - Envirp J / „ ; 

'Washington: NSTA, 1975.(54.00) ' : . ^ 



This source is loaded with well organized, up to date materials incluaing^^ahy f abjes and 
grap hs- assembled from the nation 's leadin g authoriti ei o n en ergy and th_e_^nvlronmatit,i, -.. , - - 

^ companion M the MateHH Guide7 especially loutstS^^ 
Crisis, Energy Productioh and the Environment, Energy t What it fa, ^What it Does, and The 
Exponential Century. 

Reynolds, William C. Energy: From Nature to Man. New York: McGraw-Hfil/ i 
1974. ($10.00) — . ^ 

Ap excellent source (on the teachfr s level) which was developed for use in a cour$9 about 
enefgy and energy technology, aimed primarily towards. -non-engineering students. High school 
science and math^atlcs seems adequate preparation for comprehension. . I 

Especially good chapters' include : The Big Picture - an Overflpw, Mechanics - it all Stkrts 
Here, Heat and Other Thinp, Flow System Energetics. : 

Probably the best dissertatfon ever read on the Second Law of Thermodynamics an|'Mtropy 
is given in the chapter on heat. Highly recommended. ^ * . \| * 

o • • ^ . : m 
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Scientific Ainerican! ^ ^ ' 

andCo., 1971.(S3.95) " 

Besides having the most concise statement concerning the energy-power predicament in its 
Forword, Energy and Power contains eleven original works by prominent authors in the field, such 
. as M. King Hubbert and Earl Cook, who have been widely quoted for the past several years, 

The chapters in this book were first published in the September 1971 issue of Scientific 
American, which was the twenly-sccond in the series of single-tupic issues published annually by the 
magazine^ 

Sidle ot hlufida DepaiUneiit ui Adiiiini^UaUun A hiuildlaii'^ 

Guide to Solar Energy C ape Canaveral, Fla Murlda Suluj 
Hiicigy Center 1975 (Approx wusc. $2X)0) 

:jciciiiist knows and what the public knows aboia solar uis.igy i.d^ been incr asit.g 1 liL. n puit /as 
written lo reduce ttus infurinaCiun gap 

i hlc t.^.^.K w01»4 .lUl.. . ..n.,14 I hi l.M tl»..ll. Mi > ill*. >H 1 i i .. ■ , i . . . . . i . . < . ^ » ♦ ,5 » 

iCv. IK II ^,onCoi mi It; the tjwtwji . whh h .ilty* i lliw tUli .u. > ^A h^A^^ sh.iii;. 

ihc bulU til. i.. 1- 1. *i it 'i ^; ■ " ■ i.'- ' ... 

expert. Di hn h I'uibci th^ U. ii.cn Fi^.i * i a ^ jin,;5 lUe , i . ..n. , .i h a 
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ENERGY CONSERVATION 

IS SOLAR POWKR A mACT/CAL SOLUT/ON. 




OR, CHARLES ALEXANDER^ 

*Byl985, 
more than half 
Of all new homes 
will be heated and 
cooled by the sun,' 



The energy crisis oF the last two years has generated a coniplexity gf probk,.,. the must 
p.cMHg ol wh..h ..nlc, a,uu,uJ thw ..a.,h tu, an allcuiatlvc lu tu..ll tucis Many Jlv,,.. .uh.liu,,. 
have been prupuseU. at this time. th. ,nu,i pra^tieal appeals lu be the utih/atio., ut the 



the 



J'ul.ll, upuili 



fu.l. la.k ..f puUu .... nuin ih. faU that M>lai .n..yy .pa... h...m,, .> .tens .r. 

unfui.llllai I.. .pie un.l ..quliw a K lutively lui^h InUlul .aplL.l lnv...lni.hl 1 
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for using solar rtiergy is quite simple! Most' significant problems are in the. area of refinements in 
mass production and in construction techniques, However, we expect these problems to be solveU- 



Partial results of three major studies funded by the National Science Foundation show that 
about two-thirds of all new bu|ldings are potential solar candidates, .This amounts to approximately 
40- million buildings by the yeafi 2000. 

Our own mdcpendeiit stidy agrees with these prujecliuns We expect that by 1985, more 
than half of the new homes beinfil^lt wilJ be heated ^nd yuuled by the rays ul the sun Obviously , 
then solar energy is a useful energy suuree, and we nu longer need to ask when we will muve 
tuwaid the utilization ut sulur eiicigy , rur we have jlieaJy wiitcied the bolui Age 

u, CharU. iu ..„J., n fc... „, >n, iKt of Electrical ,..,gin ^ ■ / 

task groufi 
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TERRfeNC^ H CASfEK. 

a homeowner can b«,. . 
in effact. hU own utlHty 
for as long as 
h# owns the Ii4#tjaa 




until it;tC^Illly h».*u..i h 

xx\\i. i, Vsf teal iitmit^ [liw iu.-tlu^ ■ 1 ■ 

art aooi f tc) injit.il oiu lii-st uiijuK^n /ly u.i.t » ^ui^aiv.siu. V J. I JuIumo uo^ 

u , . {...1. ii.ii |uh:ed ti .in OOo w. I,. uiM... ..li^c 



LA X 4j. .1 



« 1 



i 1 ( ^ ^ 



his home by factory-trained dealers. He^can become, in effect, his own utility foPii tong as he owns 
the house. Sun power is a fuel that belongs to all of us, and one that no eouftftf can embargo. 



My company, Energy Systems Inc., started a research program over a year ago that has 
resulted in the solar collector panel we are now producing. Out collector has an eight-pass aluminum 
fin absorber with copper tubing to pipe the heated water to the' storage tank. The collector is 
enclosed in an aluminum frame and covered with two layers of tempered glass. We have brukch 
ground on a manufacuting plant in San Diego that will be able to turn out up to 1,000 c^)llector 
panels every %ight-huur Shit^l. Qnu day's produwliLMi cuuld tuinibh the energy needed tu .supply 25U 
families with up to 90 percent of their hot water needs for yeais tu cume In uthci wot^, each 
day's uiitput will ^>rudiit;c cnungh uhiminuin sulai ^^aiieU lu ^ave the Umied Stat^js ttuin 15 lo 18 
million Btu'b uf energy each day which would uihcrwibc Kavt: lu e.Hiie tunn ^ unventiunal lucU 

I'litll iw. eiill} Lh^ l^.h.iai ami ..i.l,. fa,* ^iuHUnla 1 , ,i > . 1^ .. Au^s ii, , . i - > , . . 1 i* * ^ i - .,^dji 
appii^dilOiM \\i l^e LiMi5*.iUci heed.. Is .nenl In : tui . \ » ( 1,1/, iinLii.ivv . and 

lowjnieresl loans, l he fcneigy Consei vatUMi ai.d (unversiun / ct ut 197j . p in the 
dlieeClon A luw gtaies iiiust lujltjbly t^luihl*, have iiiade gieul alndi^s Ui ^Uj^i-.i* I luii ..uLa ^nclgy, 
but supputt tUMii Ult: tedcial guveinni,. nl b nuvhwte ueai ihw help iieed.al (>iie thhl^ i/w uh-sl Jo IS 
ciiw^Mirage u.jlQ a tivj. guvciu.iignl :ji4|^pui4 wii all Uv^ia 

I^f., s . IS ^ , . I . I .. ^ 



PRODUCTS THAT HARNESS THE SUN 



Typical solar systems circulate water or some other medium through collectors usually 
placed on u roof. Sunlight striking the collectors heats the water to 100-200 degpties. Pipes conduct 
the water to a storage tairk, -where heat is extracted from the water to supply part of the energy 
required by domestic heating and cooling equipment. (Because it cannot store enough energy during 
prolonged sunless periods, a solar system will not fully satisfy a building's heating and cooling 
needs.) Many of the principles involvt-d in harnessing the mn arc neither new .lur highly tcdinieaf 
But untd the oil crisis, the public was apathetic about solar research. But rew major manufacturers 
are producing residential solar equipment at this time For the must part, they urc k-uvnig the 
tielU to local firms, On these pdges we-show a selection uf piuneeung solar pruducts Be aware that 
the suliir industry today eompares with the auto ii.dustiy eady in th-is.cuiilury when suuili iiiadnne 
shop?, built and .sold c,nH:rimental cars for whigh thcic were ineuiiduaivi, pcrtLniim,„c dal^ 
KecOBHl/liin thr. the hederat Departnieiit ut ( uns.u.iei Altalia wain;, piu.SH , tiv.- ,mu.1,u., la u( 
swim equipn,>,ht lu be waiy o f exaggerated perfutniaiieo cluinis. 





...l^^i .11 . .1 ^L^ii.^ 11. !it/l> wl .4 ji^lKJiWOik sltiii .till pu^^. I . , ! 1 f ii . 

^.uiiluictui in^y iiUl t>vj q .dllt'l^d Uj Su when > jti sho^. fui ucaling d i f i in ogniU j 

sybttiit diifcincCied l,y specialists A small bui fcU^vMiiM i.UITlb .i of nidi.u tai-tu£>i ^ dii.l .k sigl |..oU|is. ia 
iiuw pu^kdsliig 5yi.lci.i3 Uj h^lp . u .isit uu d . ulU lii^J lb U t da^^in b kug '-^nip^ , ncii i s Aiu.Mi^ ihc iU 
tluii. In addltluii lu ulh^^.a ll^Uil mm twilwwlng ^Mgv s uig tu.ciMy Systcau SdU DUfe / ^ allt FF<J 
liuliK^i.lt. PlUsbuigh Pa . Slinw.Hk (jiilltuia (\n\.i .lul thi. luniinu^l Ot ilic aol.i iJ_Un.tiwi& 

Edmund S,;ienUfii:, Ba.iirigion, NJ. Iviust buidi .yaUiUi use rial .jldte colLcu./^ liKc Ui.^bc in Uh; 

diawing above Noiiiuiip liu. Hulvhliis, hda ^1 . v w U .i>C4_l d new type , iJl j^Joi llu,l la 

...MiipdUbie wilh iiie riiin'h ucdEii,^ aiid ^.uoling i'l iiu, i liw , .>h^. lui whh.b ^v, n li K the 

llda d I icsji 1 ieils i\iM t.i^M I » 1 1 a Ei. 5 I he SiL.i ^ in), w ^ u | Ipe llllwd 
icporlwdl^ deUvwi i db.iwal Iwh.^ a& iiit^.ti wU^i^ . .:*,uiie Inil a 

wUlle< iliiee of ih^. ii*^^ ^ wUt .i.*.. tu^Mi . i 1.. i * i u ^ i .ii lij. . 

UetailA hi. V Uie, H.ii ,uiMUi, iUt .UI Wa.i n ^, j h..^ liJi'^.h 

apa, e and Junu. ti. w ,ei heatliig ih.jl ii. iu Ua t4 ^^^^^ 1 

approach scjidr q ullc^UiOii . aLiyb StJLj Ji..>ca bUw^*^ ilie) sa> 

lii^iall ^.i»t iu,,i.. . llh lent lh>i,i 11. il 1*1. iU umIU 
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solar-heated water circulates in a closed loop, it can be treated with corrosion inhibitors and with 
antifreeze to permit the coliector to function in winter. Solar Research, Granada Hills, Calif., 
packages a system like this, which includes two PPG collectors, tank, heat exchanger, pump, 

and electric controls. Universal Solar Systems, Ocala, Fla., markets a similar assembly. Seen in a 
display modeh it uses five solar receptors (collectors) made of flat vinyl coils, through which 
heat-transfer fluid circulates. It costs about $1,300. Sol-Therm, New York, N,Y,, offers an 
open-loop system that has no moving parts. Sunlight heats water in the collectors, reducing its 
density and making it rise into the tank, where it can be drawn off Incuming culd wutci smks tu 
the bottom of the tank and into' the collecturs to finish the cycle. -Vhe system mubt be diained in 
freezing weather. Sav Heater, is another open^loop system From Fred Rice, Van Nuys. (/alif it 
employs cylindricai modules thai serve as both coileetatb and sturage veascU Fawh mudulg huidj, 12 
gal ut water The system s aurved surface affuid.b mdximuni expubure tu the 5un^» «.:hdjigiiig angles 
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SOLAR FURNACE 

Most solar systerns use water as a heat-transrer medium, A solar furnace, as its name implies, 
uses air. The furnace seen here was developed by International Solarthermics Corp., Nederland, 
Colo,, and is being made by several nianufacturers, including Solar-Aire, White Bear Lake, Minn., 
and Solar Power, Glenside, Pa, It is freestanding and totally compatible with existing forced 
warm-air heating. ly stems. So it adapts to heating remodelLng as easily as to new construction. 
Like other solar space heaters, it is an eiixiliary system, designed to supply most of a honie's healing 
needs but not alL Study the drawings: Aluminum colleclors u[i the side ut the A-frame structure, 
absorb solar energy, which is intensified by a horizontal renector on the ground. Air warmed by the 
coilegtprs transfers its heal to a storage battery cpmpused ut ^tuiic^ Air furced thiuugh the btunes 
by a blower becomes hot and enters conventional ductworlc'tu heat rooms The stone storage 
battel y can retain enougli heat to warm the average house suttiuiently tui three to tivv; aunless days 
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POOL HEATING 



Several companies offer pooNheating systems that in operation resemble the domcstie 
hot-water systems described on the preceding page. These companies include Burke Rubber, San 
Jose, Calif., and Fafco, Redwood City, Calif,, reported on in previous issues. Here we show tow 
Other approaches to pool heating. L, M. Dearing Associates, Studio City, Calif,, developed th{2 Solar 
Pool Blanket Transparent and only 3/16' thick, the blanket contains thousands ot encapsulated air 
cells between two nexible plastic sheets. It traps about two thirds of the sulur energy tliai stiikes it, 
Overa a period of several sunny days it can raise and maintain puul-water tcmperaiurcs 10 to 15 
degrees without pumping or auxiliary heating It also cunservch water and eliemicals and niinuuizes 
heat loss. One pcrsua wan fold or roll it up. Catd Mf^ Cu . Mum u via, C alil , makes Ihu Sula; ( //t/t\3 
Like the blanket, tney Iranster sular energy to a puul and reduce the lu^s ot heal henuwab and 
water through evaporalion I tiey have 5' diametcia ate niade ut plaslu. and slure easily but »^an 
dl?iu t>c iult in the watci while the pv>ul in use hui t>e^t results Ihc) siiould ^ ovei app nuu u 1> 
two tlUida y}\ the puul b surtaee ihc i^iulyb ^an iai^<j wutt^i li;ini^>ciaiuieh ah mu»..h as I!) vlegieea 



DO-IT-YOURSELF SYSTEMS ' 

The installation of a simple solar-heating system is primarily a plumbing project-one that a 
handy hom^oWner can do himself. The domestic water-heating systems described on a preceding 
page, for instance, do not require great skill to assemble. Seen here are systems*specancally geared 
to the do-it-yourself market. The Salarator collectors are the heart of a system availuble from Fun & 
Frolic, Madison Heights, Mich. They were developed by Professors Conan H. Fisher and Fclward J. 
Kunopka, seil for about $40 each, and reportedly liavc been used in mure than 1 5 QUO in^tallaiiuiis, 
Instructions available from the company tell how to use the colleclois in various appHcations, 
from pool heating to space healm.g The drawing shuws liuw tu t!e ihcm intu a duuicstic hut watci 
system. Ciardenway Laboratories, C harluttc, Vt , is niarketing a cumpact sy-^lcm tui pcurde who 
want to test the potential uf sular energy wuhuut makuig a uiajui invcshiani in U ( allcJ SnLu 
hotu^fr MtiJel JJ the system wiJst^ about $150 It consist;, of a 3 '^a' b^A H Icvii . ulle^ i^w A( 

COniiUi^t it to tail cud umt tu heal siHull ruuui^ ^i..eiilu.use^ ui s1.,:Jl. Wihiahi b It- imuna. ■ n 
ediCur aiid publj^her uf Sular Knergy Digest Sun Diegu ( ullt is uileiHi^ a 5ci pu^^ Lvm/KLi tliul 
contains plans and specifications for buHding lii^ Siflaf.sufi ay^iwin whi^ h .;a,i Ucai ui ^ ovd t>uifiings 
and heat duineNtIc watei and swinging pvHds Fhwi.» idn^vA... S<fUir,afi .u.n. iMi.i.dlwd im 
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TWO IN ONE: A HOME AND A SOlAr COLLECTOR 






1 r.allU pTpjctLlw.i db Mt H^'icU Call bc fitu^d with loUV^M:. ul ICM ^Vdl lc ./Mgh 1 iUl uiG 

iwv. 1 I,; d .Jusevl jn^aitUMi u,J sUiniMcr day^ Lw bi,^.K sunlight lii liUilfiri oil . , |^,u,..h, .11.1 

..nl Miba, quci.tly /u.diiM liiUrior Vu^M ,// filled ilh ^ AKis pMMi.it .uhlUi n,a 

M^i4luli.>i U. Keep hvu^,. ..,.1 ill su.iiin^l l/.iup.»,.a .,,aa l ,iul bt/,i . i ui ^;g.,,n.l.. ,,11 
^ Mi I Mi ! ji , li ,iilatl .i! 
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.. South-facing facade, reveals the successful joining of a traditioniil Cupe Cod extertor ^th an 
array of solar collector panels mounted on the roof. Clapboards sheathe the structure. Si^i^deuJ: 
provides outdoor living space. Contemporary lighi^filled living rponi. opposite, is two storip^'high 
with a glazed gable end and a game loft. Decorator was interiors by Priscilla of Hartford. ^ 





^„,_.™^. pTRADITIONl«fi:t^ED TO NEW TECHNOLOGY 

. ' ;#pmbining trac^tional styling wHh'.space-age technology, this Cape Cod pwned by Mr. and 
\ ' , ^MrsjlWilliam P. Ward'^of Quechec Lakes, Vt,, has a sqlar heating system teamed'with a heal pump, 

; P'^*^ collectors on the south roof trap solar energy^ to heat the waterMn 'the closMVircuit^" 

V's^?"" ^y^^^^^ The wann water returns to a 2,00,0 gal, storage tank below. the first flgor. Hot wateV from ^ 
;!^;.^-: J'^®^*?",H.^fl*^^„^ ^he heat pump. The heat pump works like an air conditioner. Here, instbad of 
. extfadtirig heat from indoor air and releasing it outdoors, it extractg^ heat from the tank^of^water 
, ' ■ and distributes it through forccd-air ducts/ In summer, the heat pump's refrigerant loop can,be ' 
.revelled, to supply central air eonditionifig" The 'system was designed by Sol-R-Tecli of Hartford ^ ' ' 
1 \;\(f;j-which designs and markets completely Integrated solar heating systems. 

Mu jM Pg^M| fiueg \ vtj^^t%%,ciuT 




^ ' By Edward Morgan 

^ : ^^^^^^^^ One day last fall^ Michael Hackleman . and a coupltf of his co-workers at a Galifornia 
cooperative called Earjhmind ^hefted a 40'0-pound wind turbine onto tha back of Oxj their 
home-built; elgc^ric truck; Michael flipped a switch , and Q)C trundled off silently to a remote site, 
W^pre a 47-foot-tall octahedrol t^er stood waiting to be topped off. They unloaded the turbine,; 
plugged their 324foIt;to(^lsJjjf6 a socket On the frortt of the truck, and soon rhad the windmill 
mounted and churnmg^outpower. Power th^t would later be fed back to Ox in a happy energy 
symbiosis- ' ' " , ' * . * 

i Earth'mind is one of ipariy self-suffisient energy-research' gra are begmning to dot 

America's, landscape in this fuel-shbrt er^. Such communities share a; common faith with DIY'ers-^in 
low-technology, ruggedly individualistic sorutiqns to the energy criiis. 




Eart^Pn^'s ^leetrlc tiu^k (left) if 
hana^nauler far farmt* lote^ or rimota 
wprk sites. Check locpl laws to see 
whether auah a vehicle would ba street^ 
legih It's versatile, drawing current from 
windmill, in bickground of photo above, 
as well as from standard battery chargfr. * 
Upper left Michael Hackleman runs his 
32-volt drilJ directly off the truck, using ^ 
It as a ren^ote "generator." (Don't run 
conventional . AC tools or appHancas ^ 
without an Inverter, howiver.) In wiring 
diagram below, batteries are wired m 
series. Earthmind is contemplating idd^ 
Ing moK© batteries to the^ruek* wired in ^ 
parallel, to increase capacity. ' ^ 
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FIELD 
RESISTIVE 
COILS 



FWD-NEUTRAL-REV 
SWITCR 




ACCELERATOR 
PEDAL ACTION 



36'VOLT BAnERY SANK 



PS has featured electric cars in this series before'#Feb* '76; Apr. '76'; like those two, th© 
Earthmfnd^ truck has a limited range and spead due to the realities of battery storage. But tfiat 
shouldn't be much of a problem for n workhorse application on a fann or remote site, 

*Ox was -originally an. industrial truc^, rescued from the rust heap in a Goodwill yard in " 
^Califoniik'S affluent Orange County. fhe original price was $200, but, relate^ Hacklemanj we noie'd^ 
th$ fact^hat the batteries were very evidently dead; so we talked them down to $93. ^ ^ 



.^The truck's motor had a.saries field rated at 24 volts, 41 amps, and 1 .5 hp at 1700 rpm. This 
provided a lot of torqui/ tiut didn^t permit the luxury of regenerative braking/ which would put , 
energy back into the batteries; The oil-bath gearbox and gear ratio limited th^ vehicle to a top speeds 
about 10 mph. This fact, plus the ample track bad, prompted Barthmind to adapt it for use as av 
utility vehicle instead of tn^ing to tum it into a passenger car. . ...^^ 



Adaptij^ the (vehicle 



c; Hac^gman torchM off the cumbersonK, top-heavy front cab and replaced it with a frMie 
assembly welded togethft' of thin-wall electric conduit bolted to the ifront end. This frame was 
tiesigned to protect , driver and. passengers as well as the control linkages (accelerator, brake, ^d 
^ steering). -L*ter, tg roof, siding- and windshieldlwiil be added to this support, which becomes 
^ornethmg to harig onto in rough terrain: ^ 

-n^TT^^A^bank^ofusedr six-volt r^r^ 

"Mduimv Standard golf-cart b As an added 

imoyalion, Earthmind is contemplating adding two more six-volt batteries to the bank to create 

4wo sets of 24 vplts in paralleL In this manner,.says Hacklemany we. double our capacity, or, In Qther 
words, cut thf rate of discharge of any one battery in half Therefore, the extra weight (about six 
percent mor^) is justified by ^^ bVerall increase in efficiency of power transfer, by the increased 
life of ^tteries, and a lower voltage at the moto^ ' ^ ^ 



Acc^lerMton is simple and straightforward, using a p^dal-type switch/ The farther the^ pedal is ' 
depressed, the fewer the number of resistance coils that are^in series with the motor and therefore 
the greater the speed pf the motor. 

Hac^ejnan admits that this type of control ji#tirawbacks: At Ipw spee^ it waftei power by 
^ dissipating heat, arid^ it develops^ry littia torque. As a solution, he suggests solenoid-switching 
controls^ wWch wo^ take power from ^aps, ther|^y var^^ng the rtuniber of batteries hooked in , 
serle^to the motor^ But another *prQbI^m |ri|es r charging batterie 
dficha^ed. . , ' ' ^ ; / . ; ' * 



electronic chopper control is the only real answer to efficient eiectric-vehicie circuits,' 
Hackleman concludes, but the expense is'prohibitive for the average person./ 



Yoking up tcjols ^ 'i^^^ 

" -T^lsj' lights, and appliances '^can be yoked ontp Ox via a household wall receptacle that ^ 
Hagklfman mounted on the front of the vehicle/'Earthniind Vtools/ of course^ can work dl 
from the 30-40 VDC drawn from the windmill, or. from current stored in Qx^s battens. We simply 
dnve to wherever we need power and plug our 32-volt saw or drill directly into'^the outlet, says 
rHackleman. (To operate conventional tools, they use an inverter rated atMO VAG.) And it^s just as 
easy to hook up electrodes across the battery for arc-welding. N . v ■ 

- ■ ■• •. - -. ^ ^ v^., J., , ■ ... . ... , ^ . ■ .... 

■ \ ,:i V— ^ - . .• - . ■■ " S . - " . ..V ■ , , -.- •■■ ' '/ ,;. ..■ ^ ■ ■ : . > . . ^ v. . - 

Into the future ^ , 

We've come to think of Ox as being a process, not a product, says Hadkleman. Future plans 
include a .monitor panel to display^voltage and current, and switches for horn and lights. . 

; v Hackleman, who, is research director at Earthmind, has written Electric Vehicles: Design and 
-^Build-^Your^nrwhich should be on' sale this monthr(Two"of his earlier publicationsincIude H^/^rf^ 
and ^ Windspinners' md j'he HoniebuiltX Wind-Gemr^d E^^ Handbook) The electric-vehigle 

book (I60pp.) is $6 JO, check payable to Earthmin^addressbelo ■ ' ; ^ ' 

To inquire about these books, or to ask a specific question about the Ox electric truck," send a 
stamped, sejf-addressed envelope to Michael Haekl@man, c/o Earthmind, 5246 Boyer Rd., Mariposa, 
Calif. 95338.^-^ ^ ~ . ^ _____ 



^^^rr: . : TURN YOUR FIREPLACE^ A FURNACE 

-..^,,.,:'-%Your- fireplace" wastes about 80 percent of the heat it produces/It s puUell up the chimney 
raiid replaced by cold air suctioned in from't lie outside; , " ^ 

: V " (4705-J Bakers Ferry Rd., Atlanta, Ga, 30336) says you can' 

Jncregse efficiency, with its new fireplace heat-extraction system-so you 44se 50 percent of the- heat 
■ your fireplace produces. The system Jias a box-channel steel grate that draws heat- -from ; the fire.=^ 
Watteypumped through the grate transfer the Heat to your existing forced-air or hot-water systenii/ 
He^distribution to any or all rooms is controlled by thermostate or. blower. BecausejU of the 
-system's piping is stainless s.teel^or popper, it can also be con potable water jn your 

home.^ - " ^ 



Operatioh,of the fireplace system completely automatic/ A sensor detects the fire when it's 
lit and ai^jtuates . the circulating piimp-. When the.fire dies down and ther's no longer any uBable heat^ 
-the pump shut^ itself off. — - ^ . . ' 

/ Originally designed as. a; backup for ioIar-4ieatea home3, the heat extractor is now being 
offered^as^a^primary^heating^systemt^If^^^ 

save up to 98 percent of your fuel billSj- t^e manufacturer collects eaough heat 
in four houi^ to heat the average Itorne for an entire day. ' - ' % r - 

' . ^ ' . ^ . ■ ' . ' . • ■ 3^ ' " . 
: Total cost of the system is S699j plus installation. Extra piping and labor generally run about 
$300j but instruGtions are included for installing the system yourself. It's guaranteed* fof^ five 
-years— Southeastprn says it should last lO— Nancy-Smith — -- — -~ — : 




no Gallon Hot Watir CollBctof Trfnk 
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' : >:vDavi'd and Cyjitliia Edney 

js6lar-assisted heat pump 



By Edward Moran 



L -V i^^l^ast, where this hous is located, is op northwestern York's cold shouldet^thaV 

/;7pOKiagr|e-day blizzardy tract abutting Lakes Erie and Ontario. Last winter, the Edneys spent an 
. average ^of 85 cents a day to stay warm in#i 1 128-sq.-ft. house they biiilt themselves with selected 



■^ The house, complete with S7200 Worth of solar and' wood-heat .equipment, cost Dave and 
Cynthia Edney about $25 a square foot. Tha^'the going rate for a lot of solar collectors these days, 
like the ones in the H/or/dS mos^advanc^d^srAome/Dave, a mechanical engineer, and Cynthia, a 
chemist, are convinced that a well-designed energy-efficie^t house is not an impossible dream for 
"young couples (he's 30,.shes 28).. ^ . . 




*So how did the Enneys end up heating their home for $26 in January of That Winter of *77? 
By a judicious mix of. domestic technologies, 'both in over^l disign and m the heating system itself. 
The house is % single-floor ranch style with two bedrooms and a family room. It's slabKsn^rade*- 
except for an excavated 1 2-by-l Z-ft . basemer^ a 24-by-30'ft. garage/shop is attac^. 

The walls of the house (post ^and^beam construction, with noanterforl6ad-bearlng\mlli) are 
"six iriches^hicfc. The roof, nearly flat io maintain an insulating snow load in winter,^ 
sheeting to ff flept l^eat in summer. And it's got six inches of insuiatjon. Grape vines Rlated around 
the weSt-fadng porch (great-iraridma .^fc^ ha^^ to keep her cool) reduce heat gain on summer 
afternoons. The gaTOeapd^hop^^a^^ area from harsh windt. . 

A closed-door policA an old but oft-fbiiotteri trick, zones heat Jnto living ai^Bas in winter: The ' 
family room J for example, is self-contained, with wood stove and spring water for use under * 
extreme gomditions. / / . . , = ' 



There are three major components to t^e Edrifeys* Weating system: a York sol^-assisted'heat 




Dave idnay monitors ^lil gauges and : 
' nieteqa twice a day. for continuoue-per- 
fgrmanGs' data, idnay' reports solar* 
CQMeatOF efnclency averages 60 pe^^nt. 




The 280-iq;-ft. aluminum trickle col^ 
-■ lector^dwarfs Cynthia Edney. Heat pump ' 
(above) if capped with Insulated duct/ 
PTping at rear brings water to and from" 
water-hgating coll in fireplace. . . 



pump; the flat-plate triekle GoUector that supplies the pump; and a backup -firVplac®, eojnpleta 
^ outsideNventihg and water-heating CQil; ^ C . . ■ 

The heat pump extracts heat^from the solar-heated water and supplies that heat to the 
-forced-air sustem using a refrigeration cycle. The process is reversible to provide cooling in summer. 
'Wh¥n vi^terlerhperatufes"^^^^ 

Above 85 degrees; the house is heated directly by water throiigh a radiator in the forGed-air duct 
(sea^diagram); below 45 degrees, the flreplace* supplies auxiliary heat.. . . 

The nreplace is equipped with heavy metal dooi^ that can be closed for good draft control. 
Air preheated around the firebox supplements the heat pum^p, and water from the coil is purripeH to 
the solar storage tank to replenish the supply, or can brused for domestic hot water. The fireplace' 
supplied about 16 percent of the total heat requirements last winter. Its dombustion air is supplied 
-from the outside, a sensibl e set u p s Why waste indoor air you've paid to h e at whe n -the fir e could do 
just as well with. colder air? . 



ERIC 



3j 




van^d dqubl^^^^ ihsiUation Behind; Water tricklii over 

^ the 2l6-gq.-ft colledtor at t rate of 25 gpm and flows into a below-grouqd 1500-gal, concrete tank 
that provides about two d^s' stofage. 

The Edneys estimate tha,t it would' have cost $284 to heat their house witlv ah, 
„ electrical-resistance system last winter. This gives us a system CO,P, (coefficient of performance) of 
^approximately 2.33, they say. ^ . 

^^^^^^^^^^^^ V below indicatss performance data for the last heating season. To ask $ specinc 

.questionv send a stamped return envelope to the Edneys, c/o;Belfast Specialties Co., P.O. Box 501, 
Belfast, N.Y. 14711. ' ' ^ ^ 

' - Performance data 1976-1977 




S26.7i 
iS.SO 

4i3 100 16.72 
^'iliO BtU/d€gf86 



Bee. 17.5 
Jsn, 12i.i^ 
Fab. % 141.1 
Mar. 14§3 
Apr. ... 72.4* 
^Hsuse heit tsis at 

^Qtal houps^of ii&iliary heat required, divided 
by heurs In month - ^ = ■ 

^/^Figy red -from^ilectric . meters en- heat-' pump 
'and water pumpv and frprfi hour msteri. 
based en sleetnc rate per .Nifswatt Hour 
'^Reflestlvs -aluminum caven were Installed 
on April 13. when storage^ temperature 
reached. I4i*^ System was shut dovvA from- 
this pointy eiccept for the heat ^pump, Cgvers 
will be in place until early Dcteben heat will 
be^ provided fronft stsnge er frsm the fire' 
place until then. ■ * : 



ERIC 



83 



" Stephan Sieradzki: ' 
WINDMILL ON A BOOM 

. By Edward Moran 



Someday in the^not-distant^future, Steve Sieradzki hopes to ta^ his wndmill along.on a 
fishing trip. A flexible tower iLmilar-tp^ will beCmounted on the roof of his 

^ van. When ^ he arriVes at: his favoritg fiaTiing spot ^ he'll raise the 1 0- foot prop skyward: and fill ballast 
^tanks with water to stabilize it. The fpower generated-400 watts in a l5-mph wind-\\fill be used to 
cool tha beer and cook the fish, he says-<iuite an pnergy saving angle, v v . ^ ^ 

Although Sieradzki hasn't yet built this mobile unit J he' h^^ a novel DIY windmill at 

his Fairdealing, Mo./ home. tJnlike most, rip, it's not mounted^on a fixed tower, hut on a flexible 
-boomjhat rises and falls with the wind--for safety, efficiency;^ and ease of maintenance.. 



^ Fle3ilbt€^bo6m wind- 
mill Is deiignid to 
"Itan^* in high winds, 
preventing . dangerous, 
pvirspinnmgi The pre- 
pellirv ssiembly : can 
also brought down 
to the ground for easier 

' maintenanGe^^Unltt^Ii"^ 
assembles:, easily for., 
storage and moving. In- 
ventor Sieradzki plans 
to mourit srrSliflp mo-^ 
bile unit atop hit Vin. 



PILLOW^ 
t 2 REQ*D J 



A " SLIP RJNQB 






. 


, ^ ..„^ 

























r rv::;.;;:-^ windmill, from the tiny water-punipers on the |)lairi^\ 

^to the gaintNASA/ERDA job at Sandusky, knows the im 

^itself tO|pieces if the blades overspin in^astrong wind. And faster doesn't always mean bitter when 
dttcbniestegenerating power. Further, m^nting the^ p a 20-l:o 60-fbotjnast:ineans:th©^ 

milltender has to shinny up fd dizzying heights every time anything needs attention* ^ ; ~ ' 

' Why not bring the prop down to the gi^undv and solve bot 
So he designed a windmill on a boom like that'of a hoisting crane and balanced.it by counterweigjits 
(here'j rocks in wooden boxes), so that the prop isMifted to its maxihium height and automatically 
adjusts to face the wind " . ' , 

. *'r use vary light construction ' braced by . steel cables and mounted on a base similar in 
operation, to an. antiaircraft gun mount,'! he sayi. "In fact j a German 88mm molant would make an 
excellent base for a 50-fbot boomv" : v . 
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When the Wind Blows .... ... 

. ^ Tlie^leariing'tdwer ifalmQitTv^rtiMl^ln^lnds up to^p^ andlha prop^ 

faces squarely into the wind> Above this limit, however, tte wind overcomes the counterweights and 
^pushes the boom over^idowhwind and closer to the ground. This tilting of the shaft reduces the area 
of the spinning propeller-that faces the. windj thereby preventing ^m from exceeding dangfrous 
limits. Pressure on the structure is also reducedj permitting lighter construction. . , 

; V v^isent ri^^ towTsFthe inventor points out,must be designed to take lhe highe?t wind fo^ 
for their area-a ftfrce that occurs rarely or never^ Wherf such a' blast does come^ Sieradzki's^op will 
be lowered. to wit hia. 10 feet of the grounds where it Will stay until reset.at its operating height after 
the stom-a further protection to the equipment. . ^ ^ T 

^uilt principally of recycled materials, the windmill-on-a-boom cos^ Sierad^ki about $75. He \ 
obtained the alternator from a junked car, and ^sed shock absorbers from an old truck to cushion 
the boom: and prevent it -from slamming, into the iwing-limiting stops. For the drive belts he 
j'ecommend^^using.roundjpolyurethana^beltingi.becaus 

keep the belt under proper tension. ' - _ ^ 

A storefbought propeller can be costly; Sieradzkl made his of 0.032* fiberglass sheet. It 
weighl but 3. 1/2 lb„ a boon because it keeps the rig from becoming top-heavy and makes the prop 
jnp»^,>^ponsive-^to -cliM wind conditions.^ One ^varning if ybu decide to build a windmill 
Qf this type^A prop splnriing at 300 rpm is a letlftl weapon; you won't want It to come down closer 
than vlO feet to the ground, hence the swing-limiting stpps^m ' 

Generating Electrtcity ; ^ 

SleradEki"^ primary goal was to test a novel design^ and he admits that the powei^ output of 
the device could^stand imgrovement. By^ using a 5:1 stepup belt driven he obtains 200 watts at 12 
volts in a 1 S-mph wind. / ^ » 

p'he generator Is located near the lower end of the bopm;power is'transmltted from the prop 
anflTOmoved via slip rihgs at the base. .. - ■ - 

Steve Sieradzki plans to makt further rennements of his concept (when he's not working on a 



SQlar-powered engine that also occupies much of his tinie); He thinks his idea can be adaptedjo, - 
^large-scale :applicationSj such as in 

towers; he envisions an array of />iy/^/5/e=.windmills that cpuld be deployed automa^icaliy^^at night oj : 
duringrhigfiTwirids. ' — . . ^....^/^y.^ \ , . ; , ... .. ^ . _ 

: To. ask a specific question/ senila. ■stamped return envelope to StepHan Sieradzki, P; O- Box.^ 
8r, Fairdealing,Mo.63939; ,\ . ...^ _ [ . ^ . ^ 
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INTRODUCTION ^ . .- S ; 

; ^ Central Dauphin School Dfstrict initiated a new program in theix:Industrial Arts Department-, 
-in September, 1975. ' " 

Vhd^T the direction of Mr. Lou Redaj Industrial Arts Department Head, Mr, Wmj Morris, 
/Supervisor of Secondary Education, Dr. John Hine, Cumculum Development, Mr. W! H. Bittlei 
--'Principal oT CD. East Jr. High School and Mr. Mike Filepas,- Industrial Arts Instructor at East 
Jr. High, the pilot progrMi was started. ' , • , : - 



' , The students designed, built and installed a solar heating unit at East Jr. Hjgh.' 

"J , Filepas, a graduate student at Penn State University, is doing 'his masters thesis on The Design 
.anct' Construction of a Solar Heating Unit for 40 degree Latitude. After two years of researph, a low 
cost solar unit was designed and built. -The students at East ^r._ High and two students from 'the 
Dauphin Couhty Vo-Tech School (fonner students of Mr. Filepases) worked bri tlte unit \ ; " 

A- - ' ' \ ^ ' ' - ' i 

Witl/ the help ,of Mr. Ed Hine; Electricity and Drafting Instructor at East Jr. and Mr. John 

-GhIebD^^kirMetalsTnstructorrFileparwrote^andSet"up^a^testT^^^ 
went veiV well and in three iponths the unit was completed and installed in Filepas s home 

/ . f ' - . -p, 

Mr. Paul Wighaman and^two-rine^ibers of the Governor *S'Bnergy Council made a vjsit'to East 
Jr. ^igh fhd met with Mr. Biftle md Mr. Filepas to see the solaf unit and its workings. To their 
kijowledge, this was the rirst'sbhool district in Pennsylvania to actually build anl install a soiar unit. 

The students were very excited about the whole project and incorporated what tHey learned ^ 
in geography, earth science and industrial a^^ ■ * 

;' - ' ^ ^ ^ " ^ . 

Once installed, the unit was monitored 18 hrs. a day, seven ^ays a week for-one year tfy ^ 
JoAnn Filepas (wife of Mike) and his family. ^ ^ " : " , 

Materials were cheap and industry was more than willing to help. Pittsburgh Plate Glass 
donated the glass and was very helpful by sending tehcnical infomiation to the school . v - 




^^^~The Central Dauphin Administration gave their support and Mr. Wm. Morris and Dr. "John ^ 
;Hines supportad the prograni all the way. Without the support of the principal; Mr. W. H. Bittle, 
working with his industrial art|^department, the proj^^^ ■ 

The secbnd yearitif thfe progr^ now >into full swing. This year other posslfiie designs are 
being considered by the stuftnts and Ed Hine arid his electHcity students are working on^a new 
electrical syiteni. ^ ; . ' ^ . / 

Lou Reda, department' Head, ^and Dr. Hines h 
funds. } - , 

John Chlebowski'has students, welding and fabricating sheet metal in his metals area and is \ 
writing a new cprriculunr for the solar application of m ' ^ : ' ^ 

Any interested person^ may write to Dr, John Hines, Curriculum Development, or Mr. Lbu 
Reda, Industrial Arts Department Head, Central Dauphin School District, 600 RutHerford Road, 
Harrisbufg, PA 1 7 1 09 for any information you miy need'p&Tmmng^tQ Solar Heating f^^^ 



"Mike Filepasi 



V J . 1 . .. SOLAR HEATER SUPPUES „^ ' 



3' ' -/ ^ans of P.P.G. Quick Dry ZinC Chromate Primer; 1 Quart of Wrought Iron Black- 



: .-,7 j.:2xSx8?s ■ V 



* 4x8x1 Styrofoam 
|^"4" ■ Sheets 20 Guaie AL^'x6' @ 9.89,each 

t ■ Tlnsulation (3, \/2' Coding Fiberglasi Artgle Mild Steel 1/8x1x1 @ ;26 -28' "dlas's l/2"x6'x4' 

@. 25 l^r ft, (X sheets) -'f ^ 

j^5;2 Quarts AlkydEpoxy finamel , " . ' ' ■ 3 ' t ^ 

ir. V^: ^ '-'^^"^ ' ^ ^ " " _ - 

;5 Rolls oC^ 6x1 5 insulation c - - . , - , . - 



Mw s ^igsotHTOiff^'i ^f> . -- .- - .- - -- 

■': 3 Plywood Sheets (T&G) 

, 2 ' Tubes^Vinyl Caulking . 
^ 3^ 4 '4p 3 Reducers (i.O? each) 

979| Pasco Mdl."648S f£n","'~ ^ ,- 
■ . 1 21.99 Fasco Sldl. 663 Fan ' , - " 

l RoirbfSO" Venting Hose(4"Dia.') 

1 %Bbx 10"x20'' Ah- Filters ; 
J ^Extension, pipe; l^eJucer4"r3^_2Jlaitlc.4"^T 

6 Ton 4A Stone (Eimestone) " • :^ 

1 " Mdl. 648S FasGo Ean; 



.-2.23-76 
z2-25^16 

'2-27-76* 
2-28-76 




2-29-76 



.3^1^76,.i 
3-2-76 . 
•3-3-76 



3-5-76. 
3-^-76 



3-8-76 

3-10-76, 

3^11-76 



3-13-76 

3-22-76 
3-23.7<6 



:-ll.:30A.M,::. 
; . l:Oq tM. ' ■ ^. 
.12:DQMidnight 

iaiio P.M. 

■ 1 :00 P.M. ' ^ ■ 
12i30P.M.'' . 
. 7:20'A.M. ' : ' 

1:00 P.M. ' 
■ 6:00 P.M.. " 
.^^la^lO^A.M 

ia;obp:M. 

. .9:30*K..M. 

ilVsOA^M. 

' 10:30 P!m! 
r; 1-QO A.Mj 

,^;7:jbop.M.' 

"^|x3o:p.m;' 

8;45A.M: 
2:40 P.M., 

?6i:iap;M.. 

10:bO:,A.M. 
11:30 ArM. 
ll:45.A°M. 
' 2:00 P.M^ 
f-5:00P:Mr 
U 'OO A.M: 
11.00 P.M. 
5;0b>P.M. , 
5:00 P.M. 
1 :00 P^M; 
3:00 P.M.' 
12:30 P.M. 
1 :QQT.MJ 
•00 P.M. 



Sunny 
Sunny 

Suiiny^ 

Sunny, 

Dark 

bark 

Dark, 

SUnny 

Sunny 

Sunny 

Sunny 

Sunny 
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^COLLECTOR TEMP, for AUGUST/SEPT./OCr. 


^ 1 


~: / " 8-11-76 


2 00 PM 


80° 


l80°^ . 


Sunny 


.^-^_r V . g 1 2.76 


3*00 PM 


86° 


182'' 


, Sunny 


" 8-13-76 - 


12-00 MN 


, . 86" 


186' . 


* Sunny 




1 2 00 Noon 


' 68° 


178°' . . . 


- Sunny 


~ ' ' 9-22-76 


12 00 Noon 


60° 


170° 


Sunny 


*" 10-18-76 


12*00 Noon 


4?'' . 


200° 


, Sunny 


10-19-76 


12*00 Noon 

fX^<v^ XlUUll: 


47° 


200° . 


Sunny 


10-28-76 


12:00 Noon 


. 38° 


200° 


Sunny 


10-29-76 


12:00 Noon 


^ '■' 50" 


225° ' ' 


^ ' Sunny 



rNOTETTOn Jan * 2 / 1 976i^the"temperature urtKeToUM^ 

as in October md higher than in August, ...... ^ 




- Tk- 
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SUPPORT FRAME, BAFFLE and DUCT WORK CONSTRUCTION 

Metals Aria 



FRAME CONSTRUCTION , 



MATERIAL: 

l/8"xl"xl" Angle, Iron 
.The foUowing outlm 





Procedures and eq^^pment n^ided - : 

Mini dpmoytfations that are conduoted at each 
iteft as.^^^tnidtibn propesse ^ * 

isUrement-:aitd layout df all necissaiy Ifength^^ 

al ^ Proper uje of rulers tiy sqUiu^ 



layout dye and sdribef 

a. . Power hacksaw denionstra^ori 

III . Deburring. . . .^.^ L . _ 
Prdperuse of file and file fcaifl ; 

IV Layout of allnecessary drilled holeS , ;^ 
a. . Same tools as in ^^tr plus center punoh 

V Drilling of all necessary holes / 

a. prill press and electrie hand 

drill demonstratfon . 

VI . Layout of alf weld lap joints 

.1 ^ 

a. • Same as in #1 

VII Assenibly of frame . 



a." Major detabifistl'iatlon^ 
riveting, and clamping 

VIII Apply finish 

, , ? ■ Spray'arid' brush painting demonstration 



ERIC 



91 



■ MATERIAL: 



DUCT WORK and BAFFLE CONSTRUCTION 

- ^ — - • 



. 20 Guage Half-Hard Aluminum Sheet ^ 

■ ' ■ ^ ! r ' - 1 

The following outline indudis j * ' " " i 

- ' ' • Procedure and equipment needed , 

- ^^■^^^ ■ -^^ ■ ^^ Mini demonstrations that jra conductdd-at each- 
. . ' step-as construction progresses ^ - i 

^ I Cutting sfiaet stoek to requfred sizes 

. ^ «^; \, jia, Squmng shear demonstration 

;^^^4.--.^J~'-twW-r^r^l^-l^^^^^^ . » . 

' - ™- •••• /•v*-.^- 1 ^ . ~ 

° > - Jji^ ^-.'a. Proper uw of fili, file card and imeryclqth . - j 

^ ' lil * layout of aU necesstiy driUed holes on both duct work and baffles 
' > . a. Demonsti^ft^ayouttOQls 




^ a. Demonstrate drill press and electric hand drill 

V Layout of all neeesian^ folds, bends and cuts on duct work and baffles 

VI Divelop e&id assemble all duct work 

a> Damonstrate sheet metal bender--pop riveting 

VII ^ Develop baffles Assemble to reflector face V 

VIII Prepaint all metal surfaces before final assembly ^ 
a. 

IX ' Fasten ^ct work into reflector frame 



Zinc diromate 



/ 



7^ 



/ 
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6. 



^ S OLAR HEATING GQLUCTOR 
CONSTRUCTION Md FABRICATION 



<Hot i^Syst©m3 



Construct collector frame 



a. .measure and cut framing material to length two 2x8x8 s and two 2x8x4 s 

b. fasten coUactor frame with ^ue and 16dTiailt^ ^ 

..^(Weldwood Elastic.Resini3lue)i 

ic, . glue and fasten 1/4' b£4'x8' plywood t6 the coDector frame . 



Cut stringers for collector gla^ two 3/4"xl ' x4' and 

^ two3/4"xl"x8' 



Construct solar unit base using 2"xlO"xl0^s with 2x10 joists 16" o,c. 



I. 



V a. flU the collector base with 2 inches of polystyrene insulation and 6 1/2" of fiberglass 
/ ^ insulation. The floor of tiie base is 3/4" tongue and groove plywood subflooring. 

Place the collector oji the base and fasten the coUector to the 55 depee collector frame. 

Using heavy djity aluminum foil; cover the inside of the collector and the back of thf 
collector unitr^^ — - - -- - - ^ ^^^ -f— ^ .^.v..., ^^ — —^.-^ 

Place .4" of polystyrehe insulatipn inside the collector box and coyer tfca insulation wth 20 
gauge aluminum, primed with one coat of zinc chromate and two coats of flat back epoxy 
paint. CAUTION : flie^LS collector base should be Inade from two pieces of AL2j 
. overiapped to allow for contraction and expansion. . . 4 * * 

/The stringer should now be p)aced over the aluminum holding the AL2 in place. 

Gut Holes in^ the AL2 arid cblledtpr back to allow hot air to circufafi from the coUectdr to t^e 
storage area. Duct workJs now put in pod^^ - ^ ^ » 



*9 . Place one layer of 1 /4' ^ass oh- the stringer and caulk. 



40. * The second stringer is now placed in pdsition and the second layer dT glass b pttced on this 
stringer. ' ^ ' ' ^ 

11. The back and ends of the storage unit are made from 2"x4"x8' frames and 1/4" exterior flr 



^ plywppd. 



12. Insulate, the back and ends with 3 1/2" fiberglass insulation and cover %dth 1/4" plywood. 

13. Cover the interior of the stbragl unit with heavy duty AL2 foil to stop ultraviolet radiation 
and reflect heat back to' t He stones. 




, 1^ ^ pipe majTbe'al 
, \ \ installed under *^ ^ 



1 'V --^^ 



. -Awl-,- ■ -..i ,-\\Xv 




S 
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SM^-V^^ of five main parts. They are the power sufjply, the switching , 

-■^ J -^^ temperature sensors! and the blcwerstt^ :f ^^i;^^ t^-^j^iii}^:;^:'^-^ 




^IWiipWe^^ triple^unit providing -5 ^volts at 100 MA, :K7 volts at 2A^nd +9;v61ts ai:t; 

lAl^il^ regulated and hafve a pomfnpn ground; the;^^Ql1^ is useii-^ 

a; ; w tlie neg^^ supply of the 'IC*s. The +7 volts is used for the positive supply M Xhk IC^and the 
•^- Sy^ The +9 volt supply feeds the bridge circuits and also supplies the tfimar: v ' - 

V . The bridge circuits consist of the five (calibrate controls, the flye thermistors and two 
bii-toani r^ 

^ed'^thifee le comparat€rs-pn the coh 

and a special timer The timer k activatad^henuthe ara,much ^^rn^thap jKe he^^ 

storage areas. This causes the, bldwers to oscillate on-and-off about once, very five^seepnds. ; " 
prevents the extreme K<^at difference from cracking the collector'^ - v'-- . ' 

[-^M^ The . switching /circuits afe ^ply m inteiTace between the low power thermisters an4 
tilijftte^ted Wcwfeis^^They^ inclu^ relay dri^^ 

l and i^fci|ted clnmi controls and indicatorsNbn the front panel. Triacs 

: for^the sake of ^ imphgi^^ - 

; The blQwefs?are ^ of the gqiiiiral eage type and all but one^are jnounted inside the coUectpr. ■ 
'/ J^e|ti>ne that ii :tot mpUft^^ insMe the collector is mounted iritida t house wheire it cAi pull the ^ 
^. - y heiKfrom thi cpllectof to inside the building, there is also an auxiliio^ blower which can only be 
" " jtiiiWtf^^ntj^^ is used when the operatof wishes a faster air circulatiofi inside the 

■■'■ ^^^ coiledroria-^?Hy - ; " = . _ . v ■ * \ 

_y_.-^.i_i.Oij:L-kJLL!::iz^^ -j^L^ - , -- - - ' - 

% '-r-^>iThfe^ direqtly into a stAdard 1 10-120 volt A.C. outlet and draws less than- 1000^ 

: watts with all hlow:ers cunning. / . 
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■impart Number 
^1 10 1^03, 105 

C102, 104 

C1D6 

C20 1,202, 
^05, 206 . 

C203 v 

C20.4-') 

Vioi , 



ELECTRICAL PARTS LIST 
Part . • 



0102-106 
?Jll07-^ 
D108 
Dld9 

Mr 7 

F302 

1301,302 

1303-305 

K2OI • 
K30 1-303 

Qioi 

QlD2, lOj 
Q2OI 
Q30 1-303 



2000nif 25v ElectrolyticJcapacifor, 
1 OOmf ^25v Electrolytic capacitor 
.200inf 1 5 V Electrolytic capacitor • 

1 dOOmf 1 5v Electrolyttc capa^toy :; 
5mf 1 5v Electrolytic capacitor 
.Olmf Ikv diic capacitor. V 
50 PIV 2A Slicon Rectifier ' 



50, PI V 1 A Silicon Rectifier 

il.5Vl/2WZener Diode _ . 
g.LV- l/2WZ«ner Diode 
^ Fiise TOiCsiow-Blow ^ 
Fuse lA 

^ S.C. Min. Bay. Inc. Pilot tamp (120 MB) 

S.C^Min. Bay. Neon Pilot Lamp (NE-51]| 

■ - ' . ' i 
Relay 6V coil SPST lA contacts , 

' 25A: " . » 

EGG 1.29 Transitor: 

2N3055 ^ 

ECG 123 



- / 



II ' fb».^ If II . 



ZN3055 
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Part Number t Part 



v • 



.IC20 1 , .202, 204 . ' Integrated circuit ECG 9 10, LM7 1 0 

lG2q2 • • 
Rioi ' 

Rl02 



Rl03 

\Rl04 

RlQS, 106 

R201,202, 
205,208 

R203 



R2O6, 207 

1^30 f-303 [ 

R304 

R305-309 

R3OI, 303, 
304 

S302 

S305 

T3OI 

T302 



. " - " NE-S55V' 
33(h-'l/2W 10% Resistor ; 



270R 1/2W 10% ■ " 



6.80rl/2W10% ■" 
1200rl/2W 10% " 
ro60rl/2W10% " 



Th30 1-305 



l,QQprl/2W 10%* V 
ISOKr 1/2W 10% M , 
10dKr'L/2W; 16%" 
3000i^.l/2Vi^ 5%.4Jl^ w^ ....^^^^^^ 
47Kr 1/2WJ0% 

ll^eg-pbtentiometer 2W Unear taper 
3500r potentiometer 2W linear taper 

Toggle Switch SPST I SA contacts 
Toggle Switch SPST 3A contacts 
Toggle Switch DPST ISA contacts 
Transformer 12.GV C.T. 2A 

Thermistor 3000r,cold 
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M^cellaneous Items: 



/LP) 



QUANTITY 

2 : ' . 



1 

1 

' 5 
1 . 
3 

30 ft. 

So ft. . 

50 ft. 

sort. 
1 
1 

I pkg. 

1 

1 : i 



Fuse Holder 3 AG Panel Mount ; 
Stngla Con. Min. Bay. Panel Mount Xtinpholdar 
Green lens ' . ■ . f ; * 

Amber lens T - - ^ 



Red lens _ 

1 lUg terminal strip 



2Iu^mii^^ip..;..::,.^ 

4 lug te^ma^mss-c: v-r^^c^t^': ^ ^ 



: ^- - 6 - lug tennin8l^il]^S^|^^^.^^5tw^>^^^ 
6 cond. 20.giik^^^^^%&^^^ ^ 
4 cond, 14 guage caMK^^:S;!^=^^SV 
.Jingle-cond,.l-4-guage hook-Up wire 
Single cond, 20 guage hook-up wire 
Power Supply Circuit Board 
Gomputor Circuit Board 
Hardware^ . assorted 
Heatsink drilled for one 70-3 
Heatsink drilled for twb TO-3 
Thermostat ^ 
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BLOCK DIAGRAM 



mv.A.c-^ 



POWiR 
SUPPLY 



SWITCHING CIRCUITS 




CONTROL 



TEMPER- 
ATURE 
SENSORS 



Elemrolytic 
Cipaaltor . 



— PARTS DIAGRAMS. . 

ill parti actuil liie except where nattd 



O 



Dlsa 

^paeltor 



Silloon 
Riotlfiir 



Fuse 



Integfatfd: 
Circuit 



PllQt 

Mmp 



Resiitef 



I Thermiitor ^ ft,^ TOmlnal ^ 

(2 times actual siii), ^^'''P 




Tra nil iter 



Potentlomiter 




lal size) 
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sFlVE SOLAR WATER HEATERS YOU CAN BUILLT 



By Edward Moran ■ - • 



_ Ken Herritigton, the evolution of a system'. _ ■ , ' ^ - " 

: >vv ^s. Ketf^ when it comes to homegrown energy*: When we^fieatured hfe 

a fireplace . heater in this senes werent' aw^re that w.e'd met' Up with an avid craftsman whd is ' 
turning his ranch on a northern Galifomia hilltop into a veritabte a^temate-energy.Iab. 

Ovir the monthSj we ve been fed dozens ot\photos- (Herrington- is a topnotch industrial 
photographer) of solar pool heaters, solar greenholiseSj lolar 'water heaterSj storage^ tanks, piping, 
^hqat exchangeiB=!eacH-deyice^a^ and tested^yjhis dMjryoufselfgr.,^^^ : ^ _ ~_ 

: .- •■ ^ • ■ . _ ■ I ■ : ■ v> •■ ..." . ^ - 'i' ^ • ■ . " : - ■ " ' - . /' , -j. . :- = h .■■ , . ■ . ■_ _ ;_■ . 

.p.'H .^• : •■ . . ■■ - . i = .^n- , _ V i . • .1-, . i ' - . V ^ ■ V ^ i : . ' - : \- .■^v^,. J':;'- ' ? - • f k , . : , - ; v//.'.-' ^ ■ • s ■ .. = -.v ■ ■ - r- 

. , : . We asked Herrington: to show useplans^for an inexpensive, easy-to-feuild collector that a 
typical hof^g'owner could ptft together with^ a few tools and a little spare time. Materials for the 
■ collector shown ii^ photo ly cost exactly !$160t^vwliolesale ; arf©mbly takes a few hours. , . 



-This. model is by n^ firstv|rsion; and we rfe sure it-won't be his last; he 

^ees "solar; re^arch as ^ an evolving- process, and : is always miEing mnovations. Hii first 4-by^8^ " 
collector, Built last' year^ was little more thart a plywood box with a flat metal plate to which copper 
tubing had been soldered. Later, he added fillets of heat-transfer cement ta improve performance.^ 
-. Then he^came'^u^ with the adea that ^ the basis for the collector^described: here : Instead of merely 7^ 
loldering pipes to a flat plate, he reasoned^ why rot first nestle#them in V-shaped groves? 

^ At first, he used. Individual strips of metal, crimped; V's down th6 center, then screwed them 
tc^eth^r (phosQs 5 and 6). A much simpler method is shown in photo 4:* You can ask a sheet-metal 
_shop„t6_^unch_out a 24-guage_sheet_to_the^specs given in our drawing. ^ - 



-.4i^Number and spacing of V;. grooves 
I can be venid (cpmpafg drawing and ^ 

y,phQto)^.ShownL^4-by-8^by-144-^— beid^ 
board Paf^^^ls, 17^ tubes of SO-by-^-^" ' 



copper; 16 sets of copper^j-eturn bends ^IJ^ To form a troy for thq piping, glufe 
and 'couplings, and plywood (optional). £m beadboard - strips ;to fllit' beadbQard 
Also.niededi.a-78-by-43-ini-sheet-^Df-24-^*-^panelV'drivmtjiin^V4-^w 
gau^e galvanized ^^nnetaL and: fiberglass, su^aces together fir|nly ' : -^i^ ' ^- 




.^0^ 'Aftir ad^es aro set^ glue an Inch of . 
w fiberglass insulation imd place with 
butyl-rubber jGement from adheiiva 

"caulking tube. Fj'pe grid goes on |op. 



yi Pipes are solderad Into; V grooves. 
^T* in" shaet-metal plate. If. the copper 
return bends are unavailable, ys'& street 
ills and couplings. as.hQrev ^ , ' 




la rller version used 
groovedi metal held together: with 
sheet metal serf ws. You may Jmdjthji 
easier to keep flat while solde>ing; * 

Condensation can fog single^grazed 
unit, reducing Vi'^solstion, ■ Herrington 
recommends sprayina oover with mois- 
ture retardant. such as Sun Qtear, In 
photos at f Ighr, paper maSk showj ef- ^ 
fectlveneis; treated area stays olear on 
dewy morning, next day, Heat-e^^. 
ehanger tank (bottom) holds 80 gallons. 
T-Coppef7tubfng-brlngs .polar-heated ,w 
to heat tap Water Inside. Mallett-bend 
tubipg. around tank, cover v^ith Thermon 
bernent^ foil/ 4^ foil-backed fiberglass, 
then bripk up in basement (right) to re- 
tain heat. (Photo shows Jncomplete in- 
stallatlbn; bricks are later 'bbked In.) 



Us&^a O olamp to hold ; strips in., 
place while screwing them together. 
Continuous beads of solder are run down-' 
both^sldes of each pipe^ 




Seat the piping aiiembly . f 
beadboard box .J^aint llat black 
attach: glazing in plyvy/ood frarn^; 
along edges hold It together. 



n thev 
then.^ 
holts" 




Diagram ihows pgiilble eatup, linking 
thrfe*4-by-i iolar parrels into a conven- 
tional hot-water iyitem for backup. 
Check valves permit solar colleatori to 
ba bypassed at night or on cloudy ^ays, 
when you'd draw on siorad. water, Pres*^ 
iyra^rellef valve Is necessary to prevent 
damage 4n case of steam buildup* For 
most American climaias, heat-exchanga 
iyitam Is^ racommended. 



The anginal plywobd box has given way to one made froni steani-^xpandcd poly^iyienc 
(beadboa^d), which costs about $10 for d 4^by-8-by-i L/2" panel. (Herrington also lecummends 
Celotex's Technifoam, slightly^ niore expensive, but more durable ) Edging foT the box is a 1 
1/2' -wide strip (cut from another beadbodrd pa^el) glued around the perimeter bee photo 2). Art * 
inch of fiberglass insulation (photo 3), avoids any danrger of the bea_dboard melting due lu tjie h^at 
of the pipes, ^ 

The 4-by-8 sitdc WdS chub^n lu take advanAa^ti ui jtaii»ljrd nialciials ifiy^ ^.wiii^ii 

in 20* lengths, which cah f^asily be cat tp three 80" iengthb With icturn bends up^tie?.! ellb added 
(photo 4 rfnd 5), the piping assembly should just >ni4g into the beadboard box'(phutu 7), Before 
inserting, though, clean all surfaces thoroughly with suap ^nd watei then covei with ^ Hat blawk 
paint." ~^ 

<juiivtJtive heat h^ss mok^ etf^^.Uvely m euld^ » .^it^^b lie .in^»i: gi .Zes will i A ilia j.ren.Uau 
fiberglass cover (^Xi25'* thj,.k); boltinM it in a i^anie uf i lywoud strii.s a/ .i scaling it witli 
butyl-fubber silicone ' 

tfuffi culiecior to ^y.^i^ui 

^^Av^vide hut water Sbr a typical hu^.schDld 1 lu. U ituiy t^*** ^^^^ suuci, ta a*- J .)i li 
you have tht; "space^-a^ H^rrijigtufi d^^c^i mount thein * ,,he giui.iiJ ^fi i^n iwu^^^ 

* Sunnner heatmg uf hut Ui ia> ».hiiiaLe u ^i.ti|iju^^ie i^ii^ l^,,. Ji li Jiu.n.t 

supply all my needs. Winter is a differem matter; i need 4t least W i > 100 sq ft. of cuilectuf 

Het&lJlMtun uses the h^sal ^A.Jiang^l hiUp i^t liii^uiw u luui^^ » on. 1.1*1. -^' I't'i^ '-'t v^.tts i smi . l^/Uvly 
dtty^ tmd at night Aho, since titj uses a water conditio at^r tU ^ leviiaL kual and foam O-^'i^t Hdidci 

Heatmg System Condittofl#ti^ he^ must keep hii tap water separate fn.ni the w .ter ti.iit is l umped 
thrdligh the system. 
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Performance ^ ' « ^ - 

- . 4 ■ 

In^ winter, the preheated .water may leave the heit exchanger at 95 degrees; on a sunny 
summer day, it might be us high as 130 degrees. Space doesn*t permit us to detail all the careful 
monitorioi Ken Herrington has made on hil system. He would rather err on the side of cauliuii, so 
* intent is he on not making any unwarranted claims. ' ^ 

Some figures he sent us for the middle of Febiumy are iiibUu^iivc During a wuck in wlii^h. 
daytirn^ temperatures ranged from 50 degrees tu Ql degrees, he lepuits tank tgiU^^gidtuica luac by 
40 degrees, to 50 degrees each day, when Lhc solai aysteiii was wuikliig (fiuiu ^0 degicc^^ tu 121 
degrees the first day; f ron I 1 00 dcgl ces to 150 ilegle^j the Jit^l) Ihis wiiiK^j uui KM 4i iiicaii ii(>wUt 

1 80 Btu per hour per iquare foot of^i-'ollcctor. 
r 

t lullic i jjeHvii liia.iiec d jla ait Im ,i .i.a i^^iv i, . i 1 i » . . i.i^. i mi i . 1 1 * i . . 1 1.. s \ 

waul muic iiilouiiatiun Scud $^ Lu Kwu H«^i.m,.a mi / oS) J.iui bt Oakh.ii-i ,au Mc 1/2 11 >wu 
want to ask a spc^jitic questli^Hi (tiee) iiu iude a ^taui^,, il ixtuiu ^ nvv.J'vipc 



J, DON FIELD, ROOFTOOP TRICKLE'* COLLE^OR 

Not to be outdone by Ken Herrington's elaborate system, a Roanoke, Va., experimenter, 
working independently from previous PS articles, has also been checking out solar water heating. 

Photo and diagrams illustrate the 42^sq.=ft, aluminum coUecton that Field installed on^hij 
due=south-racing roof mjore than a year ago. It s a trickle goUector; Water flows dicectly over a 
corrugated-aluminum surface backed by a slab of insulatiort. (At press time. Field reports some 
success with a new copper-tube collector he built recently.) 

\ . ^ 

Materials fui tlie aluminum unit cu^i Field abuul $3UU He lypuila average iiiunlhl> ai*iviiiM^ of 
$7 { 1 50 to 165 kw shaved off his pewer bills),* so payb^^k^time is abuut lour yeais. 

As with Herrington's systeni, this setup ncud^ a tieai ^xchangei . If an aluininum cullet^tOr is 
used, il'^ a good idea to mix in water inhibitors tu prevent turiusiuii Fjeld retains his electric wat^r 
heater as a backup. 

LunvcuicniJt; of u^uig standaid cut hiinbei A Uasic bun first maue oy naiimfe 2^by lO a shttt of 
4 by B by 1/2" plywood Ncxt^ add a l i/2'' lhii.k iayci uf insulatiun liiilially. Fiuld used 
Styrofoam, but now recompiendb using fiL^ti glass. 

Atop th« InaiildUon gutis uuw h!»%^».t ul t^^in^wi lib ah**iilnuiM i<.^v5li!B paiutcd ii^i Lla*,K A 

. ..u^. tor pan at the lower ^nd leads to a j/4 * PVC draii. line. The jntire collector k cu\ jfcd wuh 
duuble strcngih winduw gUs^ * 

A,., v^Ucii ^mbicnt teinperatur^. was 42 degices Fahrenhca^ he /Vi^ able to i.eat the IV £ gahons 
fiom ^5 degi«s to I 20 degrees in minutes. \ 
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tiUwtlitfi sheet u, bU(;K dlurr liiUin i.)vci Uu £ ^JUhki, .n i i,.nnijw vfatt:i Hclwwi .i Iii 



plyWuud t^Uated l\u ijuldc with /tb^i^iasa SAMaj^t^ci loj. aiui f^.ni ^jJj^ v. iti. tw , 

iiit^sha of Styiuh.iin later he d. L.ided to ^Xil A p»^I) ■ th ) t ; u ^ ^ t lli, sa^L i Uii^ Inahi^ lu 

plcvent k dks hvii a l eat ^4 hdil^oi Ed|. vs iLifR tjb I uii ih^Migh k 'iU Of ^ i i>.ji ^npo ^luilsjii jd 
til the iuflk , th 1^ pi wh Wiitci thti. uiU .1 ? thw ci^ ^ i i . . Is^^jUi ui..in>^. 

t !, . ,.t , . i. ^ . 1 1 1. ^ 1 . . ^. I , ,1.-11. 

, . i. I ai tilULi / ! 1 i , dt . .t;., iji J i.l i 1 ii . > d > j .i,id i I d ^.m; . L 1 . . . I \ K , .. i . 1 , . . i. i ji > 

arid i^'ebruary. witl th j ne v copper cwllectnr addt^d 4 A^hi^ n d<.ul)led ti^c if ^;,! si ;i/ ; I lui, i^nioo/i 

lank Iciiipm £it »Mt.ij ^onti.aii) iaijgt.il Ciwin 9<>di.^iv.. : i i() sAiil, ,i ^.^.d\ s»f i4i d».;i., 

t'ob 27 (aiubk..it tgnipcial iiw /() d^^ii ^-li) I'U.ld : ;L , i.l lic^U i ^ , * i u.». I ... .dl ti^^-.i L 
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RON HANNIVIG; ROOFTOP 

What started as a do-it-youreelf project two years ago has since blossomed into a full-time 
solar distributorship for Ron Hannivig, The tank/collector module described here is the original 
homemade Version that anybody can try. 

Tank and collector are exposed on the roof, so it s a natch far Hannivig's Florida climate, 
(For coJ4er locations, use the heat-exchaiiger systems, such as Herrir\gton's or Field s.) 

Ihi^ system w<^rks uii tlie lliermosiphon prniciplc , thus climinalinM ihc need tui aLiiculdling 
pump: As water in the collegior is heated, it expands, rbes. and passed iutu the sturage tank Denser 
Gofd water then fills.the collector, and the cycle continues as long as the sun keeps shining. 

Note that the photo shows iwu 40-gallun Unk^. one ^landing and one lying local building 
4judg5 made tliis setup more pragtiwai. ihuugli the diawing sliows ^iiige vcilli^al tank, whKh v^aii be 
a full 80 gallons, ur as big as the system can handle 

tiunufniCS. C'uSl Kfl malwiiaU Um thw .ullt.>4,ii ui-t^iw , imaU i anA ih. 4.*mK^ vn^*. 

,»*4*t.hased off=the=shelf foi $150 hsuniaied j^ay-ba^k 4Hne b abuui ti,i^u yuars il»ini.ing ui^uiu 
that during the balmy Fluiida surinner, his sysi^ni wa.i pr^^viJu up iu V3 per^ein ul ^is lainily a 
hut wdter requiifemenU, in wintt;i up lu o3 pwfv^^iit" 

i^un^iruL li^ffi I lic vvuud trani^ v.mII*^. twi ^^ovt^i^ j ii v^^ ^ * ^ > i un^ls) i .^nli 

1 uf urBihanc I luce quditcr inwh cuppci tuplng dLigi.un) i^-^ -^uini jcled and mounli^d on 

tup of tht urethaiie In the device shown, sand was packwd aruuiui tlic pipj|| f^» li^^l transfer (see 
detail) and ^priyed with a stucco binding agent Aaseinbly wj5 then i^lnied flat black Finally, 1/4* 
float gla^ Was Silicon lujiidcd to lUc sides t^l llic lidniti U^i an ctte^tlvg wc^lhci ll^hl ^Ja^ing 
Pi e^isUi c-tL lie t \ alve l^ a niusl 

t'cf f{,f tfl.it U C I luiiUlvlg 4 Iw . , . ..i .1 4i. 1^ Im, i,* iC i 4 . 1 i i 4,, ,1 1)0^4., . t .1 14»».i... 

^oiai-neaied water generally avaiLitfk ai 135 degnsis - I #0 degretj d xni\i ti e .ty. 

I /Ilia dw.ivJjij; f la J iii 2 




PETER WEST, THROUGH-T^E-WALL COLLECTOR 
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ili*. live pigacutwU luuc Sp»;clth.dll> , it 3 Jv^^Jgnctl s <|4jlciiiCiil an .i/M5lli»^ t;ltt,tih, liul 

system trom Marcli through Nuvembtr dl a vagatu.,! hunitf on th^ D^^ia^are cua^thne^ wticic vhc 
mcun annual .^unshliic tt>taU abuut 200C) huui^ ( i^ppci ^^ ^.hubtn t\. uttbcl the ctJti-ta (>l salt laJcu 
air I lie systciU is nut iicCLc piuut lacKhig a IikiaI yXi.iiuuggi 



Oil,.. .1^.,!., th^ ll.. I !....^ipi,^.ii I'll.. ij.h, , li. 1 , M II I , , 

. . ,H 1 ui pi.jcl pi Uicd t i jIci th m '3 Ipf.. aic J . .1 ^ . ii.il. . n ^ . . .^3 I .in 1. , ».lling 
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Solaf Water Hmting: tips for getting started 

I Even if you've read this month's cover story, and have been religiously following PS's heavy 
Ijcoverage of solar energy, you might sfill bpve some doubts you'd like resolved before you take the 
plunge. It's not surpriang that many people are taking a wait-and-see attitude: The industry is new, 

claims and counterclaims are flying fast, and sometimes it's hard to separate the charlatan fruin the 

honest entrepreneur, 

CuiiiiUiHei awareness Is ihc key, wtiettiai yuu'i^ biUlJing a ay^twiU liwui at^iui^li mI buying 

coinponents «ff the shelf Theuk out some of the buuks and ps^iiudicais in my Alteriiatc Energy 
Bookshelf (listing PS, Jan.) l earn what the solar rcacaich cxpcfla arc auyijig, tiiul unl what Khid ut 
pertoi niaiiwe can teasv/iiably be expcclc^l tiuni a aulai waUu hcalci tbcii y\ni WAiu I b* bdiniMMi/.lud 
^y a fa^t-talking ^ale^iuaii niakuig uutlaitdish ciuijii^ 

Sluing iiunAutd^ 

I'ai I yfi I itv j'l wl,l^ jm l. 4 1, .*l ■ , i ' ^ ' ^ , ■ ' -^,.1 » . > . . ... . , M . . 1 *i 

i! I V. ^^11 1 ii^g iV/»i I JiiiL^g Bill I nig .i jc^i^ I in^^^ii tiiaL Ww \^ail t ^ \\\ tib.MiL ^ cilt^iiii.ii. ^ L. a 

iiiyaniiigtlu way ihc NuCluu.a Buic^uu atdiuiai^H U a^li uly ^( ■ i i^Ki . J lii^ u, lulcilni standn.J 
whlv.h is ii being » lit.ulatt^d lu iC3t .41 i li^is tui . .li. La 1 lii^ iwiioil, /m. ^/^m t\ fiit ttiati. c 

ifltcrui lot S\ iur tl^uLlng anJ . \>h ibi/iifj Hc:Ui ,n^/ i ifulin^ Syst.t/ii ,nd Lh\xllln^^ h. tiVijlhit^ic toi 
$1 90 ihc final standard is b.^uid to ic^einbie this inieuin Tepv>i i iii A\ai\\ icspt t Y^>u nu^iit 

alsw lu^*K at Dcvv lujniicul jf Piv^nj^. ^1 SlaiuldUlh twi It^llJig Sijjar ( ilb.tUU^ insl ib».ii»Kil hloia^c 
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i uii^t tui ail i abSUit>i:\l b) ib^ iiuiisi^i uti^diMti ^ i^i « . Um>. v>s^i ^ ii .Mt Mint i>t Lii'b ) 
i , , . 

^ - -I 4 ..1*141. . i 

I.oit y V. ili be Ui,! hliu \ i / ♦ I . «i 4i ii. . .!. i ) . I - ' : ' 

.{ti.ibUi^^ and U >aii..^: I . . v 1 j > 1 1 «: i lul biin. ^ . C .^'i* i i\i ,1<m3 . i i u i.ibb.i Uiiiii 

aluininu.il U_n 3 ul iUUt.h Ih i thaii ^di ;iU on^^i ^ . 1 ^lIII 1 ni >:i llie. , lie i. But 

\a.*J>pei .,i>si lit » 4MMil . \ cv ;U a» . I , *.^i u iiiiit g 1: ; l>) 11/^ 11! Ill J I 1^ 1 A I . b iJ<uii ,iUin 

1^ the a 4i^>i \ o,iu^ir li 



^ rl I ' IL i Ul tj 1 O iu« i, i , . .1^ I j ^ . tK %1 I it < I « . 1 Ik ( M ^ ) I i . 1 , 1 i' ^ , 1 b il^i 

d^. .tl ill..iili n t,. !: Vj(>l]] Uli^ 1 U| . : i « q t . h t D i 1 . ,n t il ,11 ! Xi i\ K 

I' . 

. » W I . » ib ! . 1 . : ! • 1 . » . 11.1 1 . , . ■ , 

^ Ml 1 1 ^ i ill M ii .11 h o.?. I . s . u i li M . 1 , * J /I . i . . 1 1 = 

4. ilt^ hiLii^i 1 u .i .:.( ill h , tii ,' ' oi, I 1. I I .> vl I . .1.. tb^ 4 u . t 1« U ' ii- 1 1 - < t - i . L. i 

d Ici ^A/iiy * 1 20 dtgiin^ ^ I. ollb^i ii U i* I >s> U iiiiltudu b , f 4l';i llu w I > > .. i i itA ^ 

diftu;!! ^iii,. Our five k tii J g At ^>C, iii.u. , it 1 wilth VtiijoU,, tb-»vv i .d I a In J , ... af.h .| . 1 .i ojiUliU... 



BILL RANKINS AND DAVID WILSON, SOLAR WINDOW 

^ ' " ' ; 

, This month's energy project is a natural' for the do-it-yourselfer who would prefer to 
experiinent with a basic solar device before talking some of the complete systems featured here in 
previous months. ^ , \ 

A solar wigdoV. requires ^either an ERDA contract, nor a master plumber H is easily 
assembled on a Saturday afternoon, and is an ideal heating supplement for locations that don't 
permit a permanent array of rooftop coUectore-apartment houses, for example. 

There's no provisiun for heat storage, so tiic winduw is useful uuly d da>uin*. aui^iieiutia, 
but outlet temperatures on sunny days average between 100 and 120 degrees, report Bill Rankins 
and David Wilson. Air is girculated thr^gh the unit by natMral gonvection, althuugh blower, 
thermostat* or automatic dampers could be added. 

The aLr-flow diagram shows how cool air is heated m the nisulated lungue 01 liit ^olluciui 
then iises through the lip into the house The collector autumatically pulls in colder aii to replace it 
If you use a fan to force-feed the air through the collector, says Wilson, you will niavw a grcaiei 
quantity ot air, but will have a lower temperatuie piovided by the heating prucess. 

Site pian fling 

As with any cullctluf, the SOlai willduv^^ mn^i uilwjil^U i^Kc iuii ^.l^.,llla^t, i tiiv^ -»**4 

i he wijidow that leceives the niust suii^hiiie nu>^ ot tht time itw obvka*^ i^dudldeite, but bc<^au&c 
of ttie portability of the solar window, you could in^Jali seveial of ihcm. to capture more aunlight 

Furthcnnore. by adjustiiig the base support, you could adapt the collector to sea^^oual angles of 
solar incidence wuhout too much dlftlcuUy 1 he unit caii be au^hu*ed to the gn.und iiisiallcd in ^ 




ColisGtor attsdhea to existing sill; it's from window (photo* upper right) Is 
gypportad by specially built frame-^of not appriciably impilred, Vou can even 
by roof below upataira window. View adipt the devlQe for a siorm window 
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Assembly details ' 

Actual diniensions wjU vary, of course, depending.on each window sash, but the thickness of 
the insulation and glazing given liere has worked well for Rankins and Wilson. Before you start to 
assemble the eolkctor, paint all wood part^ (D^)tii sides) with twu euais ut out duui paint ur spar 
varnish. Majce a box first, by cutting U4's at a^7 1/2 degree angle and making a lu^ckey stick by 
attaching the two pieees with a siiect -metal strip Add clic top Iip anvl nail un the buttuin luid board 
sheet, plus the end piece 



.... i'it,,,^ I. . r , A 



..,.1 ... A 



Make 

4»i^t:tljcl Ih-. iWxi All I lu. lilutl. . 11 ehdUiK ^ ill ifi. . iLjl^ J {s. ^ 

hcati^bsoibin^ suruue on a 1/8" nardboani s^htel ihat i^ ti^icd i 3/4" tjvt! tnc liaiduoaru botioni 
(c^fcating ihc luwci vuUl ah i^liaiuiel) Kauklus and WlUk.^ii usw a i3" wiJ^ ^cliun .^1 i 3/4" tibciglassa 
In^ulaLiOn bait with Ha kratl \>a\>ci i^awkln^ palii.ud bla. k i hcy s^:^ uicd thia b.ill al Ca. ii end wUh 
s^^lccn Uudil anJ 3/4 ' nalh It y^AU have ail tinfu^^d IjuLI i,u . ..n ihc 1 itiwi ^i.i^j^ x'v nl^ a liiin 

sheet of nictui an*! paint thai t>lJv.k 



^ 'Mii^i. ii.. 11 .4^.1, . M ... , . . , , , . i ^.i,i in. 

jlut.k V' Uu J I „ L L.4|» . u.. ti.y ui & i It < *n Mihl . *ffit il >ity a i . s u ni, 1 ; i 1 1 i lUiii.lna Aiid 

MU^i.', JtvUiwd l.» list. UVt; li, lUiUll Utt.ult. ^i!4..\. IL \f.^L L.. li^llsUt ,4J.4l ...J^iJ.I I, u i k vslll^ 

l licy J ,akd 11 U^t.i al . . 1 I tii kuil it il ( ; \^ n u n dt= ! i ii w , I -ii ti . lUdi 1 1 , Ii i ^ 4 ' » . u d^ 1 h i , i 1 , n u nu, d oft 
. t wi (i^tnt iuiii £,t J I the) |advl^u v unlahi^i^ \^ u^J 1 bt t^r^ nadln^ ind ^ *, idk ii.^i .i 1 1 i y\ a , tU 

Mui^iuit h. ,hc ^.^ilt'^i.u/ be cvap.^iai^d t)y lite ^un and wii^ n.tu uui huUjC a^ cx^esb 

hiiiiildlL ) 
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An added bonus: Wtien the wind blows, the plastic cover ripples slightly, creating a natural 
pump to move the air through the collector, says Wilson. 



installing Uw collc-cior 

When you Ul^tall the wulleclui in tlie Winduw, ihc hut aU uutl^.l al the lo^^.n inual be gltllui 
huruuntdl ur pitched upwards tui piuper air flaw Add a rain^ovci, and bcdl any ktiks between 
colleetui dnd frame with duet tdpe and iii^uUtioii To prevent reveibe eunvteiiuri at ni^ht ui on 
eloudy days, make iwo aiiug lilting wuod duuis iu plug up ihc iiiUKe and uutiet If y^^u die 
inuunUng tlit ,,ullei.U)i v.n a rouf beneath a window bull it with uagle bia^:w5,dny iiuL: cai» be 
qiiiwKiy iepaUUcd wUh lai il Lfic wullcetoris mOVed clae vtii^iv 

. lu hiiK u.bd^v.iuenL wiudow with d gu.und tlv^,.! wnuh >/ 

{ 

Utw vvlili iUJi,) ilhisUulhM.a auil J iin ^: i . slu ii ed ill .feUii \' s \ d ^ ii- i t . i b i/, i^^^* s/l. 
que.iUwii .b^)\n llu. 3» Ui WliiJ./vs :,t.uu a slaiLipeU luiii euv^i.^pe ih^iii I* .* Ifi' »^ V 

BuA 111: Bid. u Mouuiaiii NC ^.>71 1 



o ^ - E. PAUL MINK, SUN POWEft FOR " ^ 

^ ' SPACE HEATING 

By Kdward Muran 
I 

Paul Mink is every exc^ptjun to the riUc t ew hunicuwiicib whu get iiitu 5ular cncigy m.^Uiil a 
luitil S0aee-heating system fruin the start Many prctci tu cxpcriniwiit Willi an ckinciiluiy 
watci liedting systein beturd tackling niore cuuiplcx piojeeta 

Nwi I Mi llii^ Mdi^luiitl AuJ II. i mail.. . lu . .mm? , a i. i ..'i . 

.^iieiiijj Oil d iaVi/iabiw ea^l we^t jxi^ lu.i wii.iei Paul Mnik j.jgn.ul^J aiul i.iai AicA ^ ^Hkni. iiM^nA 
array ut 14 si^ldr k^ulleclurs aerus^j ^ubLiibaii iu»..nv>p, ThliEy gallun^ Of a 50/5() wuUi ^iiilltice/c ^ 
M>lutiun fitivv froiM the collectors tu a heat exehaiigeY in the basy^rnent, whei c walci in ai» udjuinliiB 
inanii)K)iii 3!^i)gallu_n ^aiik la heatcil tui ilcllvciy tw tjuUei aiiiJ iatliaiuiij ^ll^lk j iuje. ih [li.n hr? 
hysiem will luI his he«cing biUa in hal! inu/be nune this whuer 




4 



1 haven't tapped my faucet water into the system yet, he told me^with a sigh, -Haven't had the 
time. That project is plihned for later thi&^year, 41 is a plan to aLrHroiidition the Myik home with 
waterJrom a,deep welL: , 

The solar project is really tlic most visible clcm^-nl ut an all uul cnei^y cunacivaiiun [iian 
Before he lifted a solar thumb. Mink reuiforced attic insulation with Stytotbaiu ; added sturui doors 
and windows; uulsidc-venled his furnace, even painted his while fiowse a icdwuud hue tui gicalci 
heat absorptiuri The^e pielnuihary bleps cost him about Si 50 The ftlar project cu^t about S3C)pO, 
but Mink figureh 'a pay back uf sevwu ycai^ L)uscd on u prujeLtcd annual saving ot $400 in iucl oil. 

lij^.h A^ullcvlui |3 w ^>./V rOimtd .A 1 i pl^ . ..a iiUwJ Willi .1. ^.l.wi i-i.iu. oi > . ^ a.. -I 
jiuiuujuni Mink piggyb.i^ ked I WO i4" Wi.lC sheets and luUicd ovci iluU edges. NVtikh lie ^ealeu with 
sllivun. lubupi Itus wiealcd an ^.n^clwi^e ihiUiigii vhun ihw tluiJ . .ndd Jiaiii ^nd ul ^u,ii^e ah^uil* 
Ileal llic m^tul ulowil^^i plat.. 1^ .ni.Ji, ,ii.-d ^Uiy ^ i 1 1'' ut tlb. Ji^la^a lit^ulullOn Ciwae .,e^. livMi 

diagi.4ni) 

) 

I i,.id I.. .. , . » i 1 » i-ii . t 1 ... i , L . , 1,1 . .... I J .. .. t 1 » 
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NORBERTKLEMPvSOLARPOOLHEATERONAPEDtST^L . 

By E. F. Lindsley , . - * ^ = 

For th^-^^ast three seasons, Norberl Kienip has been heating his J 8=by-35-tb6t swunining^^ool 
with an extremely n^^ed and compact home-bulk solar heater. Unusual?. Not the^e days; Prompted 
in part by recent restrictions ort gas and electric heaters in many, localities: inure and more pool 
.owhers.are turning toward solar energy . * ' ' 

In itiis southern Wisconsin cliiuaiu whciw the ^iWiiiiiMUi^ ^cu^un tAti^nJ-a liv^u at^uui Mefuoiiui 
Day through La bo r 'Day ^ a ^olar heater can^iuakt cvwJiing swiui pdiii^ca an atiiav;t!vc option, and may 
even extend the swimming season, ' 



Kit 



\ 



ICJT>p's Un^ typitlc^i what tan Uoiic ai iuw i.uhi uiid wHii .oi> iluiidv, . Ohiti'U(^Cioj^, 

M^t^iiab cost nLfn about $100, hait^oi that guuig lui i^o 1 l6-v*^lt ^uicjioiU water vdlvcs and an' 
^Utojuatlc teniperature-scn.^UiM device These Valvg^ ^act aiagiuui) du.;wt watyi tluw cithci tHiiiugh 
the collector or around it, dependant on the avaiiabihty ut aulai hcai Ihc valvt^a ao€ acUvatcd 
auioniallualiy , So Ihcic'^ ho need ttf^m^ nii..Ji atteutlu.. t./ tb^ syst«.in othej^, lUi^tY toj nwuntil 
maintenance. ■ ' 



.i.uuiitea utyp a tla^p^e The bubuid is a pia- tu, auyii^lu Junii; aiid iha hujc 15 i^aiiy .>iiu liuJi 
polyvinylchloride piping 13^ feet in length. Some experimenters prerer cupper piping because of its 
superior heat-traiister ca^atjilities ajid its resisianee to ciiviiMHiiicnial Juiiid^c Since Klcnip v^hu^c 
plastic piping, he had to use more ut it tu t;unipcii^ic foi ii^ icUiivcly pooi tluuual cimractciiatio^ 




changes in St-n'b iQcatlor! jr v iJU p. □ 
to, iViv^ntor Kie^p poif^iS CO tump# i 
tuf# SynsOr plywaod panel Fjl 
tsr end plyinbi,lM a^staiU ^la ^ howii b@ 
Iqvv Two sgl#nui,/ vdlv@& ar.^ In hsjte^ 

^ byp£i^s ill filler oijipul luiic} (tt^ (ly^ti of 
h«ind) lejp./fid l^^ sansor On i.^rm^l 






'Choice of materials is, however, tess critical here than-for a domestic hot-water or spacerheating 
collector, bicause optimum pool temperatures (75 degrees to 80 degrees Fahrenheit) are much 
lower than for other applications, If^ou. do use plastic, you've got to be extra cireful about 

'.maintaining a constant water flow when using the solar mode. Stagnant water can freeze on .a cold 

^*day ot boil and ruptuie the pipes on an extremely hot day.i'ou can avoid these problems by 
draining the collector when shutting down the solar mode-as at night or in winter. Klemp's system- 

^accomplishes this automatically^ of course. - ___^„_, ^ 



Fallow the sun ^ ^ ^ ^ • ^ 

The freestanding, mast-mounted collector makes it easier for a pool owner to ta^e full 
advantage of the sun's rays, especially if h^ doesn't have a south-facing roof or patio cover. Since he 
useg^ his pool during the summer months, Klemp tilts his collector 30 degrees from horizontal 
It is adjustable as the azimuth changes: It would be tilted more nearly veritical in winter, 

: long a degrees Fahrenheit, the filter pump 

^orks as normal, moving water through the solenoid-controUed bypass valve into the pool. But once 

- the temperature ^sensors record 100 degrees, the bypass.valve,automatically closes and the retUm 
valve^from the:conector opens (see diagram). The so is activated intermittently, depending . 

. on temperature. / " 

It was still winter when I visited Klemp to take these photos, but he assures me his heater 
does a good job dunng the swim season^that his pool ^as consistently warmer than others in town, 
by at least, 5 degrees, ' ' • . - - . 

_„ ■' — 'aTpeclflcq^estion 3end a stamped /return "envSIopf to Norbert Klimp , 4806-WrCedar'" 
Creek Rd., Grafton, Wis. 53024. . . 



' ^^WwW0Ob:,SOLAR + WOOT^ 
^ . . ^ ^ '^L:^ HEATS HIS YiAT^M^^^Mi^ 



,By Edward Mdran 



Last wmtar, temper&ture^ sank below zero id New lersey, O. W, Wood sauntered down to : 
yful Mif^mrnhZ^dmly^^^ a'valve/and threw some wood into a potbelly stove. Before long, hot 
- \ Water began flowing" into, his cubical storage tanjc-water that had been heated^ by bith solar and 

_ 4 wood., ' . - . 

' -\ " Two years ago, Wood combined these two alternate sources of energy in^ a neat and , 
t - compact package t4tat has cut his family's oil consumption by nearly 30 pepi^^mv^fueprints and 
s ■ ;^'f?5ither data are available directly frqm the inventor (see address at end o/rtj>sarticlel. 



\4 



„ ' '" J'^'mS .'.'i ""^ , v/rj''"" ' ' ' ' 

}' :,The"W<^d packa^^^f^S^f-aSfOund-mounted solar collector and a s'tove and storage tank 
. that'^take up only 30 squire feet in the basement (see photos). All of the hot water required by 
' three adults runs through the system, says Wood. On the average, the solar system heats 10,000 
• pounds (1200 gal.) of water each month-fotmerly heated by an oil-fired space-heating furnace. 

i 





SVQTEM DIAGRAM 
HOT-WATER UNIT „ 



Dual water-heating aystem coniblnas^ 
solar collection vvhh wood backup. In ^ 
photo at left, vinyl-glazed collector Is 
mounted at ground level to avoid prob- 
lem of inappropriate roof pitch. Malnte: , 
hanca Is simplified, too. In photo at rights r 
inventor Wood Checks slorage tankr a|{ j 
his lef t potbel ly stove capped with fg- 
dlator (^nclosedvln fiberglass-lined gal- 
vahlzed'Irbn boxi;Two^Inch-thIck Styro-- 
foam Insulation is pressed Into place be- 
tween all tank risersi Heated stove wa- 
ter and heated collector water merge out- 
side tank and enter tank v4a pipe through 
i/r|d; This permits air to enter collector 
and assist drain-down when required. 
Valves can be manually adjusted to shut 
off woodstove loop on warni>:sunny days, 
Backufi heater might still be requ1redi_ 
depending on climate and demand for" 
household waters 



|N©Ui-ATEO PREI-^EATINO. TArJK . 



ERIC 



iir 




SS^b^TO:^n^l6pdy February), In these" montHii^ - ^ J^: 

C Wop as pounds pf wood meets tl^ieefds of 2 1 /2 days. . . ^ - v ■ ^■ ^^^^^^ 

:^ v^>;^w; V Btuh pef sc^uarc foot. Highly 

: can do better, but not at $5- per square fbor, which- is how^much Wood 

tri^ ^spent on materials: Arid the collector is mounted at ground level, which eliminates the need for 
- y' costly-and heat-losing-piping runs. 

♦ ' ^ / ' 

The. collector is designed to drain down when the sun isn^t shining, but the system can be 
adapted to perrait use of antifreeze solution, (Note the closed domestic-water loBp in the diagrarnO 



- The-"frame i?^ of -plywoodj ;edged - with -pineV^o which--inch-thick Sty ro foam has been 

\ Spot-glued, Four 60-ft, coils of 3/8* o;d, copper, tubing are required ifpr the collector; they Ve 
installed at a slight pitch so water will drain down easily. The eight-foot ruff to the basement storage 
tank is 5/8* garden hose wrapped in fiberglass and vinyl. * . 

Wood recommends assembling th^ collector >yith glue, C clamps, and screws instead of nails* 
^Po ^nHanceHheat-absp^ 

shoulddo the job^ he says), and painted it flat blac ^ ? 



. . Glass is excellent 'as a covering*. Wood believes, but expensive. Instead, he uses a sheet of 
clear vinyl fiye-mil tW^ cover from sagpng in the sun , he .glued sorne wood spaceri 

. to the cement surface* : ^ : . ^f 



ZiStomge iank ■ : ' -^Z,^ 



Wood's YinyHined plywood tank holds 3000 pounds (abgutv350; gal.) of water When fulL 
ted water from solar coUectiSr and wppd"^^^ 
■ .transferred to the domestic loop via a copper heat^xchange coil suspendedjn the tank. Because of^ 
the considerable water pressure on all sidesj Wood recommends usirig plenty of wood -screws in 
^ . construction* ' And the vinyl inner lining 'must' be completely waterproof* (A swimming-pool 
technician rriight be able to handle this part jof the job*) Finally, a pump was Installed to draw 
from the bottom (coldest) section of the tank. Total cost for tank construction was $312. Used 
/ copptf ;piping w ^ ^ - 

Wood-buming booster / ; ' > ' 

- ^ - -^ .^ A. potbelly castJron radiator mounted on top completes O. W^ Wood's 

. system, (A water-jacketed stove would work too ^ he claims-) For Safety, Woqd firs# pressure-tested 

. the radiator^ and installed 1 /2 ' fiberglass insulation on the radiator encto^ ^ 

. . . " . - \ ■ ' ^ ■■ - ^ 

Xo order plans, send S25 in check or money order to O. W. Wood, 82 ehurch St., Liberty 
Comer, NJ 07938. To ask a specific question (free), enclose a stamped, self-addressed envelope. 
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"^^-^^^^"S^:-^:^^^. V^^: PS^UPDAf EijHE NEWEST''^ 
\^V'^ ,1., . -zSOLAR-flEATING EQUIPMENT . 



"By -Richard Stepler 



r^suddenly, it seems evitypne's talking about ':siin power. It makes newspaper headlines and 
,^^^teIeraion„speGials.::Even your next-door -neighbor mayjibe. talking about puttfng solar collectors pn 
' ^ hisTOof.- . , ^ * ^ 



^ Why suddenly? Much of the interest was sparked by the brutal winter of 1976-77, which 
^.^ihockad many Americans With its record high heating bills. Perhaps the catalyst was provided by 
president Carters proposal for solar tax^^credits, included in his energy message last Apnl In any 
'%age, the public's interest in ^olar energy is aP an^-^aU-time} Hgh 4,And a record number of 
manufacturers are now able to provide the most reliable' and economical solar^heatmg equipment 




companies are nowypK>ducing solar hardwarei-^The-naines should be familiar: 




i^^^fflF Asil^i*:^ j^w*/*^»W- iM,.*,?*^'- 

--a ;™fiK-' .r-^-: 

^t^s itSiB WSB 



, RETUHIM 



! cost?' J 




' ^ 



— i-^Acorn Sunwav^ 420 Energy System ts 

designed fbr company's factory-built 
homes- ^ garages. Copper tubes a^©^: 
clamped to aluminum absorber plate !n.>r 
4-by-20-ft. collectors; glaring is fiber^ii 
glass-reinforced plastic. Untreated waj 
ter IS pumped through collectors to v|ny|3 
Jined plywood storage tank; collectors J 
self-drain in subf reeling temperatures. 
Installei^ cost of complete six^paAy-^^ 
(420-sq^ft.) system; $lWQ.y::r^M$D^^:^' 
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TCMPEREO - -SIUJCONE-RUBBER PAD© " - 

LOW-IRON . .-^-Tt^lmoLATe THE ABSORBER . i_T^ 
ai^ASS "''">Cate from oth^r mettals * 




: HOUQINO 

^argEL ABS©RPER PLATEJ^J IN^UVflfTlOIN 
. W^APe ABOUND QOPRER 

FUOW TUgM " " 

k Lennox rSolarmota space- and water- 
< heifirig tyitem uses transfer fluid to car- 
rVL heat from collectors to ^pace-heating 
rcolli storage tank, and water heater, 
vvlackup iix oil- or gas-fired Lennox f ur- 
.^fiaca or hiit pump, plus water heater, 
^Cqife ctor^s steeljabs orbe r plate (detat 
^ abive) is formed around copper flow 
tubsi and sealed with solder filler. Com^ 
plat© syitim. will be offered later, this 
year: hot-water system (available now) 
? costs from Si 200 to $3000, Installed. 




HOT- WATER 
HEAT EXCHAfSlOER 



Iowa-based Lennox Industnes, cooperation with Honeywell, will market a complete 
solar-heating package (see drawing) throUgh Lennox's 6000 dealarsrAldraady^ivailabte it a domesticity 
hot-water system (average installed cost: $1500). A dealer-training program covering the design/* 
installation^ and seryicing of solar-haati^^ systems began this summer. ^ 

. ; General Electric, which: initiaUy ' offered a flat-plate collector with its sdlar=assisted 
hiat-piimp -^st has now idayelQiped an advanced ;.tyacuated-^ut»e cpilector; GE 

pj^ to h^ t^ time^ you ^read thisv v :^ ; : 

I ITT's Fluid Handlihi plvliion qtfm pumps, Ij^at- exchangers^ and valves for solar heatwg 
Tj^emsTThe^dmp^^^^ 

'prpjaetsr^ ^ • . . 



^ : Glass manufkturers-OwensJllinois and Libbey-Ownes-Ford-are joining rival PPG in the 
splaii fluid/ 04 ]^ Suripak eVa:cuated-tube collector pn the maricat this hear (see last 

mbnth*s cover story ,fbr a desferiptioii qf JdW^^ prbtptype system^, LOF has taken a more 
i conventional approach w^lth its Sun Panal-a double-glazed flat-plate collector. 

; ■ / : - Westihghpuse's new Splar Heating and Cooling Division offtrs a iplaf^a^stad air-to-air heat 
N^ump, using air-type^ collectors made by Sunworks (see drawing). Al Weinstein, division manager, 
say s^a system costs about $10,000. / 

; And giant automaker GM, throu^ its Harrison Radiator Division,, plains to 
market solar hot-water system in 1978. ; 

.New, small companies /^e introducing some of the most exciting innovations, however: 

Day star Corp., founded only two yeai^ ago, has developed a flat-plate cbllector that 
-featiare^ dn ultrathin polymer structure b 

solar transmission, says Daystar, and reduces heat loss due to radiation and convection. At least one 
independent engineering firm rates Daystar s collector above all others tested, / 
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: -\ .r j A'^new idea in control sj^stems is complete prepackaging. Ecosol Ltd. offers an 
h enargy-recovery ' :'sy stem that includes pumps, valves , electronic ^ con trols, an air han dler ^ and a 
backup heat pump in a unit that very much resenfbles a conventional oil-or gas-fired furnace. That's- 
^no accident. A^ew /md^j are KOt going to be installing solar heating systems, say? Ecosol vice- 
-president: Bruce Rodm. We wmt^d a unit that ^^w to electricians, plumbers, and 
/hatting contractors- Price of Echols model 101 system ; $3900 to $4200. 



•I 
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' DRAIN - OeWN TA!yi< ^ 



Solar input for G.l/s eolar^asilstad heat^pump sys- 
tem ts provided by company's new TC^1 OO^evacuated" 
tube oolleoton. Each 1 6^sq.^ft. colleator conslsti of 10 
glass ttibes (48 In^ long) mounted over alumlnuni re" 
fleotar. Heat-transfer fluid circulates In two copper 
tubes In each glass^tuhe (Inset, at%ove}. Q.i. f|Lys thejct- 
Woufd be no fluid leakage If grass tube wars broken. 
Company 'sa9s . TOO 00 supplies almost double the 
snehgy of a flat^plate collector. Price: about $2D/§qf ft. 



7r 7 - r " And Minnesota-ba 

collector structure itself ■'fc transparent extruded plastic with a reflective^ backing; a blackened 
heat-transfer fluid is the absorber. . ^ 

..... . ■ ■ . - ■ . . . ' V . • . ■ 

Meanwhile^ some companies are expanding their lines of solar systems and components: 

I V PPGi which offered a Basfiljne wlar collector with an aiuminum absorber plate two yeari 
agoi^ now offers thr^ different modMi^ standard cbUecto^ witli copper or aluminum absorber 
plates; a Poll Plus collector for swimming-pool or domestic-Water heating; and a box-type collector 
for higher-temperature gpace-heatin^^ / ' 



Ghimirianj the aerospace company, has bfeen marketing solar space-and water-heating 
systems since late 1975 'see Solar Water MSWem Buy How, May '76'. The company's 

Sunstream collectors were ofiginally: all-aluminum ; now there 's ;a version with copper tubing (see 
drawing). ' - v 

, Solaron, maker of the air-type space-heating systern first reported in our March *7 5 cover 
-storyrnowv-offers-a-dpmestlc^^-hot-w 

drawing); iSolaron reports that it now has dlstributoi^ jn 42 states. 



c^i ^company two years ago^ has sirice^lbeen purchasadvby: : 
iSgS^iHriOT the coniparijfS;i^S 



iJ S^^^^^ covered; in^ our March '75 issue, has introduced its Sun Pride 

^: a^^atci^atir^ well as a new Ti^eAn-Strip collector absorber plate (see drawings). Revere^ 

' 'offers coHectom'^ new' construction; and retrofitting, plus a special collector ibr]^ 

swirnniiBg-popl heating. y 

About a year ago j State Industries, the water-heater manufacturerj introduced a solar 
. water^heating system that featured two alurninum collectors; Dow Coming!^ 
r fluid, an 82-gallon storage tank with backup electric elenienti plus controls. Price: $1 895. A 
Sl^i Sicond-geheration model recently unvei porcelain- and enamel-finished st^el absorber pJata 

with distilled water as the heat-transfer -fluid. If temperatures drop below freezing, and air pump 
forces the water out of the- collector. Price of the new system, which carries a 10-year warranty: 



.1 Rho Sigrna, a company that specializes in solar controls^ has.introduced a 
control, which; instead of merely p^oviding:a^^^ the^ 
heat-transifer fluid on and offiv gradually, according to the temperature dlttarential : betWeea 
collectors and storage. This has advantages on days of low insolation, claims Rho Sigrna's president 

jifit^SGhleShgferw - 




system with a glycol/yi^ter heat-tfinifer fluid. Rrlci of 
component, including two obi lectors ind e storage tank 
Is $9S0. The company estimates llistalled price of $1 500. 
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Solarbuilders > . - ^ - . . 

^The housing industry is hardTy taking second place in all this activity: 

. 'Aeom Structures, the precot-home company, manufactures a complete solar space- and 
water-heating system designed to fit its line of contemporary homes (see drawing), ^ 

, . American Tiinber H^ Donald^Watson (architect for our March '75 

cover home) to design two solar-house packages. The Solartran home's use* Sun works collectors for 
space and water heating, plus a greenhouse for passive solanheating. '/ ; ^ 

. Stanmar, another maker of precut houses, says it will;custom-design solar homes for its 
clients, using off-the-shelf hardware. 

. A CaHfornia builder, Blue Skies Radiant Homes, recently sold outits'^first solar subdivision. 

^Pricefange15f the homes": S37;900 to S4F,^00r " ^ ^ ..^.^^^-^.^..^^ ^ _ - — 

All this activity adds up to some impressive statistics: 

' V^ . i In the March :75 isiuaj PS listed 33 manufactureii of solar equipm6rit;.a recent survey by PS ^ 
staffers revealed nearly 200 companies-too many, in fact ^ for a complete listing in this issue. (To . 
"get yourgopyl>f the"PS SolafManufacturers' Index/ see^the list Iparagrapli "of tKis artlcla^)"^"^ ^ " 

Sojar-coJlactor productionf jwhich totaled 136 jOOO square feet in 1 974, reached nearly two - 
million square feet in 1976, Richard StoU, with the Federal Energy Administration's Task Force for 
Solar. Commercialization^ estimates that more thasn four, million - square feet will roll off the ' 
a^embly Imes; in ' 1977. Those figures do ; not include low^temperatura (under 1 OCX degrees 
Fahrenheit) ■collectors for swim^ming-pool heating. According to Stoll, 3.875 million square feet of 
this type of Collector alone were manufactured m 1976. - ^ , "^-^ 



u. And earlier this year; harvard 's William A. Shurcliff issued the 13th and edition of his 
Solar Heated BuUdinp: A^^af Survey7 Shurcliff says he s quitting now because the number of 
SQlQr-hmted\buildings is inerhmmg so fast, and duplicate designs are becoming increasingly common, 
Shurcnfrs survey shows that by the end of I976^hefe were 24 such structures in the U.S. By the 

. end of 1976^ th6 nunftber had cliinbed to 2S6. "The number of sblar-heated.bulldingi complete^^ 
the U.S. in 1976r-namely 146-=exceeds ihe total number completed in all preceding years--namely 

^40," he adds. ^ ' ' 

Fedeml.tsfate/andiocal ac^^ : : : 

Govamnient participation and encouragement is proceeding apace, though not with the vigor 
sonie iolarradvoQates would like to „ .......... . ^ , 

■ ' H'^ ^- ■ : : / \ ■ ■ • / ^ ^ \ \ ^ : ^- f ■ ' ^ 

While no legislation to benefit solar installations has been ertacted . at the federal level yet, at 
least 35 states have already passed or ap considering solar-related laws. TheSe range from 

: property-and sales^tax exclusions ^to so^alled sun=rights laws. The latter would^prevent your 
neighbor from planting a tree or building a fence or other^structure that would shade a solar 
collector already installed on your property. (The city of Los Alamos, NM, has the first such 

"ordirtancerwhichprohibits^ca^^ 
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; :.' V Federal agend^^ prDgrems/ERD^ recently added 80 

- J -;projects already selected in - a five=yeap program for nonresidentiaL 

'.y^ buU^gs. HfUD has just announced grants in its third-cycle residential demonstration program; 
Grants in cycles one and two went to projects involving more than 1 500 housing units. r 

How's bu^ess? I, - 

In a word : booming/ Grumman's Joe Dawson described it recently m mreal--onG of our^ 
dealers in upstate New York just -sold solar systems for three homes, a library, and a medical 
building in one week At last count Grumman had more than 70 dealer in 24 states and Sanada* 

G.E. says it has already sold out its' production of evacuated^ube coUectQrs through the 
of this year. And that was before the company had even begun making them. ] 

Bill Heidnch of Revere says that in the fii^t quarter of 1977-businiss doubled oyer the same ; 
period " in ' 1976r'"Heidrich^ sees ^a~^growing "^niimber^of^commericah^end^^industriaHnstallationsr 
"Initially, all our systems went into residential gpnstructioh; now we ri instajling the equipment in 
schools and hospitals,'* he says. ^ ' ' ' * , 

Ray Williamson, Solaron's marketing administrator, says that the company sold more solar 
/.^ * gear in the second quarter of this ytar than it did in all of 1976. "If we didn't have access to extra 



-^manufacturing eipabilityr- says- Williamson, "we couldn't keep up with demand.-- 
And the price? .-. . •• ■• . ■ - 

The initial Investment in solar hardware is subitantiaUy higher than 
space- and water-heating equipment^ A typical solar water=heating system--with two or three 
collectors, storage tank, and controUs^will run from SlOOQ to^a little over $20000, installed. Add 
space heating, with more collector and larger storage, and you re in the $500 to S10,000-plus 
bracket. 

^ - -Charles Pesko, Daystar s marketing manager, says that a present fuel prices Daystar s solar_ 
equipment has a . payback period of eight to 10 years, (That's the time it takes fuel savings to cover 
the cost /of the solar hardware.) Daystar's prices: $2000 for a water-heating system ; $8000 for a 
space- and water-hiating s sq: ft. of solar cplleetorB. "We really need to get the 

payback period down W uhder five yeara to get^into the mass market ," says Pesko: "Now-honestly 
-weVe selling to an elitej flrst-on-the-b lock type of ma 




CQNNeciTrONS 



BACK INk^T / OUTLET 



with copper flow tubes iQcked into a fum jhuim abiorbep pfate 
(IniatJ/Prioe of 27-sq.=ft. model iOF eollsGtor: $300, OrlgU 
nal model 60A, with ilu^inum absorber:' I27B, 



SUnworN|, mak er ail'Oopper liquid -type ep I lector, also 

offefs'Jn aiMVpe model* wHloh tfie^eornpany recommen fof 
space heatlnfl. Abiorber is selectively coatid copper sheet, ^ 
Collictor (3 by 7 ft.) costs $12-14 a equara foot. 
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John Dixon,"of Dixon Energy Systems, a New England-based solar manufacturer, puts it this 
^way:-irCertainly, solar space Keating in, northern climates is not yet cost-effective. Solar water zC 
heating, . ho wever^ is much, better, and we think that payback periods of the order of 1 0 years are 
reasonable. Claims of much shorter payback perirfSs, we think, are simply wishful thinking and will 
not be realized :iUntil oil and electricity prices ha\^ increased considerably . This, of course, is very, 
likeiy-|o^:hijpp$i over the next decade or so, and then solar energy will be very cost-effective. 

Dixon feels that solar equipment isn't going to come down in price, however: "The / 
mariilfactufer of collectors is largely a matter of cost of materials, not labor; The mstaUation,^^ 
coursa, if labor-lntansive: But we don't expect tha^tha mateMals used in solar collectors are going to 
get less expensive. Nor do wa expec| thi cost of installation to decrease. Rather, all these costs ara 
likely to increase along with noraml inflation,"^ - '^"^^ ' . l\ / 

:/'-M'^?i!f6 recent^overnmant-sponsored^^ reflect tha'coniensui. on the preseht staite.of:SbJar ' 

- In a study prepared for ERDA, THE Mitre Colp. mdidatld that solar could already compete., , 
with dad^rio^ Jia^^^ othap citiawnpludirig^^ A^ 

Seattle* But ^itre cbneluded tha be ibmpatitiva with oil and gas only if the cost of ' 

instdlmg the solar aqui 50 percent, or if these gbnyantional fyels^^m^ 

6il pr gas in 36 states^^^ 19S5; In a studyip^parf d for Goi^re^^ 

taam ^sp concluded ^at- solar ^is al^^ cheaper thmi; electric heat for haw hoinas in Estates. ^ ^ 
Should you go solar? , • / ^ 

Soma factors to. comider *bafora you opt for solar: your ; space^and watar-haatiiig 
raquirements; climatic zone ^availabiUty o sunshine; present fuel costs and what they're Ukaly to he 
in 10 years-if that fuel is sti ll availa bla; means of financing the solar e quip maht (a high-int er est loan . 
could cut deeply into any projectas savings)* and whether there's a suitable location for solar 
collectors aifdotherequip^^ property; Armed with these facts "(the sourWs^ 

listed at the end of this article will help you determine them), you're ready to talk to dealers md 
get quotas on systems. u_ 

To gat your copy of the PS Solar Manufacturers' IndaXi send a itampadj; self-addressed 
envelope to: Solar Index, Popular Science , 380 Madison Ave,, Newyork^ NY 10017. 
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For ^.urther Inforrnation 

Have a question on lolaf heating you want answered fast? Ypu can dial the National Spla^^^ 
Heating and Coxjling Center toll-free i (800) 523-2929 ; in Pennsylvahia, call (800) 462^29811 ' ' 

Buybig Solar, a booklet put out by the FEA, will help you decide if solar will vCfork for you. 
It's 'S lvSS ' from "the Supetintendent'^of' DoCTi^ 

20402. (stock no. 041-018-00120-4). , • 
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' ./_^gneigy: The Solar Prospict, by Denis Hayes, ought to fire up even- the^ solar pessimist. The \ - 
^^bboldet is S2 from thej WorldWatch Inst,, 1776 Massachusetts Ave., NW,[Washington, DC 20036' 
. (WorldWatch Paper 1 1). ^ - ' - A^r-: - "li ^ 

, ^ Designing and Building a Solar House, by Donald Watson. This welHllustrated book is $8.95' 
'tpaper)^ $12.95 (hard cover) frqm Garden Way Publishing, Charlotte, Vt. 05445. 

^ Th^'Sc&r^'Home Book by Bruce Anderson (see review in Shop Talk, Jan. '7'^), $7.50 from *\ 
, Cheshire Books, Church Hill, Harrisvilla, NH 03450. , , 



Soiar 'Heated Buildinp^ A Brief Survey, J3th ed.. by William: 'sA. Sim 
>^]J^':desGriptions of the solar heating 
ShUrcliff, 19 Appleton St., Cambridge, 



/V Dnei survey, -laiii cu.. • uy vvyiiain- s/i..^ ai^^^ 
systems in 319 buildygs'^in^;!iHfe;t^ abroad. $ 1 2 from Wm. 
idge. Mass, 021 38. ^^^K^jl'^^"*'' f^' . ^ . ] ^ 



Economic Ahalygi^ of Solar Water„^d^pace ^eating^Div-Jot S^^ 



f^srwftottj: Siiper^ of Documents.- US 0ovf . ■ Prirttirig ■; Ottica; ^ Washihgtoriiv 



V flTt 26fpagi Qat^og of solar Qomporierita fmm V^ 

; V$2 from Solar tlsaga No\v, Box ajM, Bascomipl^d^^ L ^ ^ L ' : V / : - : V 

5iijs;k:;^yji5j-.ti;gv'-'-?^ -'ji.^-^^ y - — dii:;4-.=^^^L-v. J./^i.^^^-' LI^^^.Tr^^ir^Vri^^ 




' A solar heating system consists of collectors; stbr^^i^^'Twater tank or rock pile), 
^intereonnecting- pipes and/or ductwqrkvi^mp^.an 

$ensors), pliis^lSuxilmi^^^^^h source(s}rO?Ii'gjiSv^ furnace or heat pump. The latter are 

needcl^i b^afiil,^^ 100 percent of your needs and be economically 

competitiVe sources; Most-systems aim for 50: to 75 percent of total heating 
requirements/ (If a^iSOla^'-lieatuig system were designed to supply «// your heatmg requfremerits m 
the coldest months^ it would be oversized for the balance of the heating season.) ^ "^^^ 



The heart of any.- solar heating system is the collector; most oftenj these are flat-plate 
collectors-glas's- or plastic-covered boxes that contain a metal absorber plate-usually copper, 
aluminum^ or Steele or a combination of these metals/ Qther types of solar collectors include 
evacuated-f ub^ collectofs. _ * ' " ' ^ . - > . 

"IW^unlsTfSy 

; v *;^: a|i^cames off this heat fer heatmg eithj^ ijpace directly ; of to- llflirage foir^latet 

- ^ or during cloudy^weather. ; ; K T ' ■ ^ v - ^ ^ : , : ;'Kv "5^*^- ^ ' ; " 

; / . / ' An insulated pile of rocks ii; th^ i|orage inediurn;miaii> . 
; in 'liqUiji W^^'Tis Thoniasons wKich uses^a . 

:p^;j^i7f^om^to 

^ throu^ tiirte/tof fl^ ^4ays^bf cloudy weather jbefbre the a^uKilia^ 

; y > ■ V need depends on how much-^a watar)\yQU,plan to Heat^^^^^ 

^ * -Rales 'of thuinb :C^^ square footage of the space lo^ 

^ 6a Ti^ateS; or ione^ squara foot of poll^Qtoi fbrevery ^Uon; of water l!b^b^ fieafed y ailyv : ^ ^ \ . \ 

^ ■ .: f:'::.M T sy^tpm s- lyhile^qt ^subj ^ a ndjcorr ojion pro ble ms of the liquid 

systems'^ So require bulkier storage (rocks fequir^;up to twice^^l^^ hpld the same amo^nt^ 

7 of h*^at^as witter); algp7^ 

cDnsideratipni in refroflt installatibnsj air systemi^are not as weU suited as. liquid ^^s^^ 
. heating domestic waterv (Solfflron, howevar/ claims td have oyercoine this dis^^ . 
^dqmestic;systqm^ ■ ' ^ v V * ■ ■. ..' .. . . ^ _ ' . ' . 

' Liquid systems deal with ffeeze-up:tprobIems, ii^ o ^ 

4 Th© collators ai^^l exp^id jpip^ ^i^f^^ drops 'to^ ' 

^ freezing.'^ \-' \ ^- "^ . - ' ■ . -..i- 

^ ' . . • ^ . 'r: ':" ^ • ' / r : V. ' \\ ' ^ v. , ^. \ ^ 

^1: i(o j^i^ r... ,aChe heai^r^jE^j^^/cpnt^^l^^^ti^^ point^^ -^ 

Dow Coming, for example, claims 'that its silicon-based flu^ preyeritS:ftr^^ and 

* corrosion problems^ It cari; bjperfttej says^^^I^ ^50 degrees Fahrenheit to +600 diegrees 

. Fahrenheit. . . . * v - . . 

. differential thermostat keeps a solar systerri working-cdllecting heat when the sun's 
: shining, and storing it whgn it's not: This device turns.'bn a puinp or blowpr when a sensor mounted.^ 
at Tthe ^cpllectoT^ Indi 

thah' storage; the differential ther^ ■ 
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not handsome/ but Dave krfschke.didn^t try to. make it so: Situated here in^the ^ ^ 
# ^iand ^ country ;^6f north-central Wisconsin ^ it is a successfuli^^nd interesting experiment an energy 
Mfi:'^Homsteadirjg-3^ indoor ^ enviroment that features solar Keating and indoor 
; ".even in wintertime, ^ , ^' ^ ^■V.iij 

The day t walked into the long^^p^itiN^^^ a typical spririf^day fo^V ^ 

7tj3is area-no^^^^^^ went through the heat4r|pverit)cance^^^ 

tfntfteaiately-felt a Wnug warmth and caught the lush aroma of growing things. I saw^S-C^S-gallpff^^^ 
a, mat^-idbimSj filled with five tons of water, side by side near the^rde^i /7/o^ .J)ave Kruschke callsy^^^^^ 



Kruschka made the house as simple and as-^^gged as he could It 'fe^p^f-poie constftiction (6x6 
timbers) with plenty of insulation: six inches in tHtiyipoi^^us fDiir iribh^s^f flSam in the, exterior 
plywood walls; The house rests^on a 3 ^dricrbte slab with two. inches of foam insulation 

underneath. Along the south' edge of ^ha^^^U runs the 4 1 /2-foot-wide gardening tcendh^. foam 
iigulated jcyn bottom an^ sides^ andrfllfad wi^ ^ar th. ; / v. - ^ ; s ' ' 



The sun supplies half 



.1 



Sunlightf-;fpF growing and heating streams throu^ tHe lowef 5 l/2-f6ot section of the south- 
wall, which^ ii made of % doubli layer of four-mil polyethylene sheeting over 42 2x2 atrtits,^ good 
deal of ^lar -eijepneermg 'w^ntLinto Kruschke's design. He estimatfts that this J08 ;'square Teef 
^.gf^uth-wall OTliedtor provides ;l^.^ome^itjh\^jpe^25^ Aftfer calculating heat 

^ losgesj^e detfrmiilia^that the oftly SuppleMehteMiaf t he'd need could be providadiby a wood stovei 

^t'^';' _ _ __ , ^ „ [ . \ . \ 




4.- 




Diiva Krusohke wotera^N/^getables In Indoor trough; beside. 

TTia stove output is calculated at 24 million Btu per year; at 45 percent efficiency, Kruschke Jieeds 
^about^S4-million Btu of wood fuel, the sun, therefore, provides about half his tota heating needi. 

^ ^ ' Aslhe'^sun set, I "witched~the"techmque^^ischk©~~d piivenfthe day's heat^iSi;^ 

escaping back ;tp the outside. He -^aps two-inch-thick^ foMn^^anels into place against the slc^lftg4'ir| 
inner fkce of 'the' wall. A short '^opden ami, sprung by,ia screen-4oor hinge, kicks up against th^J^*' 
top ofieach j>tael to secuie'i^ for th^vj^ghf. Not. perfectly airtigKt^^^^^ 
Dave. ' ' . ^ > * . ;^ f ' 



Storing the heat 



C: ; : At firsty Krus chke had no^ m^ to. o verheat duringithe 

day^arii ^fcooloTf rapidly at nigrit. As a ^olutioi^, he installed those 21 water-filled 'drums, Whsich 
~ ^bsdf6^sQ^e of the dsytime heat and releaie'itlnoFe slowly at ni|ht (EveTi so^ the house must ^till : 
be ^ventiTafcd during the dayj The^ drums can stor^ about 1 00^000 ptu;"but Kruschke admits their 
inefficiin&y: Th©y are not iniereonnectedy and tlielvater in them do^^ ? 

' Kruschke pu^4t this:way : On a day with good sunMne^ the water in the TDar^el? would; by 

eyenxBg, be about fiS (degrees at the^bpttoms 75 degrees In the middle, and a little overSSs dagfaes at 
tna top; In-^Jai^uary, this IS not anough to get. you^^^^^ if the fire Igc^t out, 'we 

' V don -t wake up free^ijEjg;^^!^^^^ the springtime, he adds^ when the watgr temperature falls 

^extremely ^owly below TO'^degrees. ^ * ^ ^ ^ 

Dollars-and'Cehts savings^ - - - ^- ^ - - ^ ' 

Translating all this intO: enejgy'^savg^gs, is not as simple^as Dave;^tt}f kes ft sounS. He saysi Wa 
bum a littfte >vood in*Ofctober, a little in -November, quite a lot m the nexf thr^ months, a;littte in 
\ ^Jlarkch, an^ "almost none in April He estimates that he's saved $101 in fuel oil over 'last' 
yeanre'qui^^alent, he says* 1o $56 in natural gas and $249 idfeectflcity. Tlus suggests to me that his 
^ insulationrmtfst be' very effective; Even without the 25-miUftn-Btu solar assist /his heating bill would 
*-rf haVa'beentv^ery"smallr"Kru^6hke Hasn't; By"^th'e"^ay^,^Iiped"l^aIu¥on the^vegefSBleinie grew"iffid 
cohsumad;!*^-^^ ' ; 'i^.. ^ - ' ^ %^ ^ 
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Spm€ after thoughts ^ * 

I have conflicting f:eelings about the project. True, the house was inexpensive to heat and 
inexpensive to build (the overall S13/sq, ft. costs includes 5 l/J acres, well, septic tank, and 
pjumbing). Still, I was oppressed by the lack of window space, the single entrance d^or, the absence 
of a garage and, shop space. I am espe.cially, dubious abput 3 heating system that doesn't tend itself. 
Of course, even the pioneers knew that windows waste heat, that doors cause drafts. 

Nicely drawn plans for this biosphere are being offered for $3.95; order thenPdirectly from 
Dave Kruschka at Route 2, Box 34A, ^ild Rose, Wis, 54984, 

AJsp, a frined of Kruschke, fomierly with the nearby Windworks alternate-energy research 
group* wants to hear from other homesteaders who are worklni along similar lines. Send 
infonnation to Steve Hartschel, Box 85, Route 4, Waupaca, Wis, 5498 L 



K. D. TENTARELU: FOCUSING COLLECTORS 

HEAT A NORTHERN HOME . 

By Edward Moran . ^ 

' Evin during frigid New Hampshire winters, the sun can be commandeered Into providing into 
providing^ low-cost heat antf'hot water. So says Ken Tentarelh'V'thii month's self-taught solar 
do-it-yourselfer. Ha devised a setup that includes motor-driven focusing collectors, thermostatic 
controls, and three-tank water storage. The system provides hot water for domestic and 
swimming-pool use, as well as space heating for a basement family room. 

Motor-driven collectors 

i 

Most ruoflop CuUcctOrs in use nuwadtiyb ait ut Lhc liat plate vailwL^ ,^frllL.leliL uiid wt4^> lu4 4i 

DIY'ar to assemble in his garage workshop. 

But Tentar^lli advanced another step ui twu. He tclt he nccdcU 4 ^icatei ^on«^ciitiatiuii ut^ 
sunlight in his northern climate (latitude 48* degiecs), su^ he built and installed an array of 
semicircular reflectors that aim sunlight even more directly un the water-bearing cupper pipuig. 
These reflectors can be pivoted by a small inuiui to ghdugc their angle seasonally aecording to the 
sun's azimuth Total expenditures for the eollectur: only %5 per square foot. [Our October cover 
story details some of the principles rentarelli used in his gullci^toi .Icsign J 

This is a closed loop system. A waUi /anufrcc^t sulutiun thiou^n Uit. 

wuUe^aors and tidnsfers heat to the pot^ible waier loop in the tiiple storage tank (^ee diagram). 

Tentarelli used 1/2" cupper tubing in the toUectors, for added thermal ettTuiency, he soldered 
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16^z. copper strips around tke pipes, then sprayed all surfaues with High temperature flat bUck 
palnt-tha variety that's used for barbecues. 

To make tha reflectdrs, he bent aluminum flashing into a semicircular shape, and made a 
trough by gluing and nailing wooden strips along its length. He glued and screwed plywoud braces 
to the ends, and hung the reflectors on the pipe^ Csee diagram) so the>^an be rotated as needed. 
Lengths of twine serve as drive cables to the Airborne Sales motor. 7\ 

Tests show collector temperptures jumped by 23 dcgic^^ wheii ths icrlewi«j»^ weie added 1 
was worried about oxidation of the flashing, Tentarulli tuld me. 1 expefimexitcd witli t^st strip^^ 
too; chrome-plated aluminum, metallized Mylar, even kitchen alumini^ foil When 1 opened 
ug)the collectors months later, I found nont uf theiu had deteriuiated 

The collectors are double^lazed . 1 wu siiccU ut Kalwail 5 4U iiul Sunlitc ifaualuwcia paneling 
wmt^ nailed to the plywood framewurK that houses the pluiubijig (sec phutu). Before nailing the 
sheets down, Tentarelli spread beads ot silicon rubbei between sheet and frame to achieve a 
watirtlght seal The gla^ijig duesnU sag even undei an ice and &nuw iuad l.c reports 

Down below, waui aiu.^a lu iiu..^ iw. neat - ^ ... 

^ii^s&d l5-gallon tanks are si.bineis^d in a iiddcd lUOgiillu,! g.JvaiiUed steel , 4iik th^t h it^elt 
enclosed in a urethane nisuuted i^hainb.i l hj pinuuo' t^uk cui.Ulua the ai»tifiee ^s/w.. ter (iaii that 
circurates In the collector loup at a rate .>r iuUi gailu.U pei luunile Ihc ^e^^undaiy tank eomain^ 
chlorinated vvatei : It stores heat and passes it to Hit teiliary i.ii\k ihai .;an be cunne^l^d m&nuaUy as 
either a dumestie watei ^prche.iter uj a s\^liumu.g tu>ul h^aU i iantuieUl u^ed the jnnltUank 
approach ai a fail^fe juechanisin If oUh^i the prijna»\ ui UHi^iy tank .i^ring. a k^k it will 
overnow into the secondary tank aii,l nut .AMUaminat^ dt.,nc5tl*. .alei Heat .i^astei iji the 
sswndary lanl. is Ly natural . ^iive^ liun "U* dynainh. uiidUiuiu " he L^ys "i have m as .led 
teni^eratUie dihei^nees asgieat as Id de^.^.^^ h4^l\ ticu piiu. i^y aud sei^Ui.daiy thiiJ.5 



.iuUei; tUt pump IS hi rteJ al dilltiuA.ial i. ii ii^ i .a l.» sU.|/i>^ii ^ i jii Cn i.nui i i 3 

degretis Tie ^une vJve is e,iluaiiely nnpuil.^nl U pu veiiL umc .haiun in Uh. miar) loop ^^l^.n 
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the pump is off. Without this valve, water could thermosiphon back up to the collectors at night, 
and gained heat would be lost. 

Savings ' 

TentareUi estimates his system has saved him an average of 200 kwh per month over the past 
year. At 5 0 per kwh, that adds up to about 5120. He *s been able to save an additional S80 in 
propane for his above-ground swimming pool; last June, the family enjoyed frolicking in 82 degree 
solar-heated water. * 

To ask a specific qucstiun. acnd*^ star^pcU, Sull-addicsscd cnvylupc tu K U lentdrclll^ 
Woodside Dr., Atkinson, NH 0381 1 



DINH KHANH; SOLAR BUBBLE KEEPS HIS WATER WARM.' 

By Edward Moran ^ 

Dinh Khanh is no novice when it comes to energy conservation. In his native Vietnam, he 
helped edit a UN publication (called, coincidentially, Popular Science) that promoted energy 
alternatives for that dn-ihort nation. After moving to Florida two yaai^ ago, he translated a 
long-standing interest in thermodynamics into a workable and attractive solar water heater for his 
hom^. And ^le's working on an innovative alternative-vehicle project that we hope to tell you about | 
in an upcoming issue. . 

Khanh's heater is different from the rooftop-mounted tlat^plate panel that's currently the 
most common type of solar collector [see Five solar water heaters you can build ^ PS, May'] 
Instead of pumping his water through yards of convoluted piping. Khanh does what gotnes lugictilly 
in his mild climate; He butts a 66-gallon water tank against the bouth wall ol his home (see photo 
and drawins), encloses it within an insulated bubble, and achieves water temperatures that ar^ 
nothing to shiver at. 

Materials cost about $180. and atler a ycaL h opctation, the tieatti iia^ saved iliw hhaiih^ moiw 
tridii half of their water4ieating bills fhis sujiuuei . says Khanh, I idia^ec a/i 85% suviii^ 

Khaiih Jcslaiicia lila h^^l...' lining Uiw iMl.. i.'h ii. ,1 . , t.,..i .....lit . 

^Uii"^ lays from suririsv. to sunset (on hall ot it^ aic i ui *.ijui^e) when pia .cd'uii s^u li iai^ 

tiltud accurding to latuudc Calculating uU an^k h 5ii..pk, uii^iely iiJd 10 dei CiP^* ui l.* ^ uui 
latitude (The drawing shows a 45 degree angle of nu lination, which is abaul 15 degiees more than 
the latitude uf (jaincsville, F|a ) ^ 
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insulattcl^ enclosed 68-ggllon tank Is butted against the seuth wall of housa. 

reasonable temperature rise and heat retention through the night. I recommend using do f^aUun 
or 42-gallon tanks that have diameters between 16 pnd 20 inches." 



The bubble's trainework is a sandwich, with aluniinuni uii tup (tur i^iu^ li 
galvdiiized steel on the ^ottom, and flberglass in between. The aluininuni, placed fuui inche;^ below 
the tank, is polished, and gives a cQncentrating ratio ot about L5, The box's ends are formed 
with two 2x4 strips of pine. Insulation for the tank*s end yaps is provided by Iwu inches of 
fiberglass and one Inch of Styrofoam cut to shape and ilued with a rubber adhesive. 

Ctjfi^i f u^ iiOfl dpi 

iL lakc3 a lllilc |Uti4,lK.i^ bt.iid lliM l*lwi*l^a^ .ly d Khani, ^^^^^^^^n,, ^ i .i ^ nl. 

u .niif heater piovidud by plastics nianuiactufers Wtien acfi^wing the Ff>xiglas in ilit.^ 44,£; iar^e 
v\ isheia with I fibber cusuions, and drill oversized hoie^ in i^rdei to pievciU crackiiig 

1 lil^ li^aLUk^ unit Is U^'il^ikt^J tui a icIaLlvciy litiU ^^jUiticiu ^.iliiiuit^ sm >. t . 

Jireuliy, wilhwUt a heat exchai»ger Khanh feek that its usefuli.e^s cuuhj bw exUi ied h coKler 
area^ if another layer of Plexiglas weie added, (he hasn't tried thia, however; peihaps u more 
nurlherly experimenter nii^t test this out and share hU ui h*sr findiugs in a future article ) 

freezing then, pu^es nu problem, Kh^ih tails ihtki it wuuKl lake i^aliy baJ wt.«iil4i^i 
fiec^e 65 gallons of water=about five dpiys with no ^un at uU and an ambient tcmptfature or 0 
degrees Fahrenheit Even if this happened, the ice would havw room to expand because at th# 

ERIC . ^U' 



top of the tank, an air bubble is left above the outlet orifice, which is located at the center of the 
tank and not the highest spot (see drawing' j * 

Performance data 

Proof thatjhe Khanh heater can be a workable unit for millions of households is suggested by 
the following data. Even on a bad day last winter, when outside-air temperatures ranged from 25 
degrees-65 degrees, the solar tank supplied 90 degree water to the series-connecicd electric water 
heater, which raised it to a preset 1 10 degree level. Even after a night of subfree^sing temperatures, 
the water in the tank remained at a comfortable 80 degrees overnight. And there have been days 
wh^ the water temperatures reached 1 10 degrees in midafternoon, rendering the conventional 
heater supertluous. 

Things get even better in warmer wgatliwi lUi^ siJiUi^. Khanti'a Ueai^i wa^ tested ui ^juid 
Community 'College in Gainesville. Over a two-week period In ApriK daytijne water temperatures 
averaged between 135 degrees and 140 degrees, and uighliiine leddings slipped beluw 105 degrees 
only once-to register 98 degrees. 

To take full advantage uf tll^ SuUi li^^atw*! w.ilwi aU^Ji^ly 11*^. ium mCuU.. ,1 lii^ hi..,., I, 

tttiiiiiy bathe in the evening, when Icniperatuius dre higjiest AiiJ, a^ a t\iitht. hitp tuwdid 
uuii;»ervation of resources, they have limited ihcu Juily ^ .Misuniptiv^n uf liOi wdtt;i Uj lUc 6o galluiis 
provided by the tank-about ont-lhirU less than Chat used by the typiejl Arndiicuu Unaiy 



•S' ROTOR DEMONSTRATES WIND POWER 

By Martin Greenwald 

Wind energy will play a iignificant role in future power generating schemes. The number of 
colleges and universities offering courses in wind energy machine constructionj repair^ and 
insulation continues to increase as people become more aware of the possibiHties of on-site wind 
generators. 

We have developed prototype wind generators for inclusion in an alternate energy devices 
curriculum within the secondary school industrial arts laboratory. The design, construction, and 
evaluation of such devices provides students with various leaming opportunities, including 
individual or group working conditions. Problem solving situations ar^ encounged with each design 
undertaken. Materials for this type of project are readily available, often at either miiiimal ur no 
cost. 

Designs, Most wind energy devices are either horixontal or vertical axis niachined, depending 
on the axis of rotation of the blades, or rotor a^enibly Vertical axis devices are generally less 
complicated to fabricate than horizontal axis models Of various vertical axis designs, the Savonius, 
or S rotor, configuration is simple, yet efficient^ for extracting useable quantities of powei from the 
wind. Depending on its size and complexity, the machine can either perform work, as in pumping 
water, or generate electricity. 

The Savonius design was dev^lupcd hi iikt^ 1920^ by b J ^^ivouitis a 1 iiuii^h 

wommander. He discovered that if two half ^ylindeis faying in upposue uifQCtions wcie inounteu uii 
a vertical spindle, the airflow through one would spill into the other, making the rotor assembly 
spin rapidly. The shape of the resulting airfoil and airflow path resembled Hie letter hence the 
short form of the name. 




Rg. I^Thls tmall ihree^raGli ' P,g fulMie genfrator; thm 

rotor aonfiguration drivoa a small • ^^1^^, a„ automobll® alter* 

do gsnerator. „g^or to oharge a small bank of 

storags battarlaa. 
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Fig. 1 shows a thfee-stack S rotor configuration. The rotors, constructed of two No, 10 cani, 
are placed one on the other. The cans havi been split Jn half, with the two halves offset 
approximately one-third their diameter to establish the airflow pattern necessary for rotation. 
Each stack is offset 120 degrees from the central axis of tlie machine to provide the proper air 
catching surface as the windmill rotates. 



The center spindle is of 5/16" brass, iilver solde^^ each of the rotors. The top and bottom 
beamings (in this case autoclave roller beaiinp) are welded into the top and bottom angle 4ron 
■r frames. A Slot-car (FigL 2Pis attached to the top frame and is driven by the rotation of the rotor 




Fig. Discarded throw-out bsarings and a motor- Pig. This small rotor ^ uses 

eyols chain drlva provlda a 1:10 powar ratio. shapad aluminum sheat vanas. 




Fig. S^Qalvanliad shaat ttaal ^g^ 7^Cldta-up of top sida of drlva ihaft ahowa 

roton itaal drill rods radlatfng mounting datall of bearing aasambly made fro | 

from the axia maintalh ih^pa. east off automoblla m%\& hubs, 
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assembly. The motor is a permanent magnet dc generator, and when connected to a miniammeter 
will reciter current output in direct relationship to either an increaie or decrease in wind velocity. 
The combination of lightweight and efficient bearing surfaces enables the machLne to respond to 
subtle changes in wind velocity, thus demonstrating the S rotor principle while functioning as an 
efficient electric anemometer^ , 

0n a larger scale. The full-size electrical generating S rotor (Fig. 3) is designed to withstand 
significant amounts of centrifugal- force built up by the rdtor in high winds The unit fram^^uik is 
constructed from 6" 6" oak, fastened with hand-cut dado joints drawn together with Ip" lag 
bolts. Resorcinal ddhesivc uigreMses the strength of all jointed structural nienibcrs 

1 !ic ruLurs aic three iO gal uU dfuuis sawn m lialf uu Uit puilal^lc ciiCulai saw H.a.^ uJl^^i 
i3 aiinilar to Fig I Piatfornis, cur»^tructed horn 314'' CD exterior piyWoud and ^caJcd wuli wjH^xy 
reiin and twu Cuals uf ull b^st cxicilui cnaiucl yi^ pluccd between ea^li ^i^<^k uf lutuis ha^J. Jiuin 
is fastened to the platfurms with 6" I. bfackeis bnd 5/16" aUtonidHv/c grude niachine bohs, 

b^^iiMis icanied lu awt^epl Uie pl|»c Ihe lui /i duvcs j_ 33 A 14 V 4Uiun_i,aive alleruaiui usLim a 
inotorcyi.le chain drive mc^hdniSin vMth & ratio ot I AO iut^i t.) aUcinalui apceJ (Fi^ 4) iSiujuldid 
dutuniotive igniti.)n and t^harging onuH.) is u^^d t\>i inc battery charging ciitUil The v ^iiipictcd 
unit is anchored 24 m ihc gruund and ^u>cd at tuui p^int^ wiili 5/16'' galvauu .d ai^ci au^.iail 
i^abk Operating in pw vadlni winds of I 2 1 5^iip^l JiU i.nit wlh piuUiiCtf adjquaic ^.uM.;!kt , i.l,aigc 
a small bank uf aut uinut^lie stoi^^^ t^jttijilt^^ at id d^hv^^i ^tiitr ieut pu^.'^i tu t>p>\,iatc ^ii^all powei 
iv/uis aiid lights 

^A^k^^_ Wcidvd tu Hit tk^p and bjLiOi. phil^.^ i . i. 1 lui.j ^ii^k 11 ; tlAimyssk ,K gtii i aI i .wtd 
bearing asseuudy are diuihu lu Fig i 

Jii 3 aie iiislu t > alui^i ^ i>y Li i ^itu , .i ild^ ^ I a, . . j i. i spi.idii i .? 1 ,i i h. 

6,iUiv sliui^aiiv is I a4lied i.i K l/^" .luLit 1 :1 au^i.^ luJi Ih'i nil g aiiii;il t-1 ti ids. i imU 
dla^^di h^il a,ituj.iuldh^ a/ik h. h^ ( ^ O ht^lMl dii\u. . i^* idai i ^hidld! to th,. i it F ||, ^ 1^ 

used lo rud the alternator oaite, y cna.i^ini; Ctrcuit 
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